PARENT COOPERATION TREAT 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF ELECTION 

(PCT Rule 61.2) 


To: 

Commissioner 

US Department of Commerce 
unitea oiaies raieni ana i rauernarK 
Office, PCT 

2011 South Clark Place Room 
CP2/5C24 

Arlington, VA 22202 
ETATS-UNIS D'AMERIQUE 

in itc nanapitv plpptpri Offif^P 


Date of mailing (day/month/year) 

1 5 November 2000 {15.11 .00) 




International application No. 
PCT/G B00/01 035 


Applicant's or agenf s file reference 
JPD/P1 0281 PCT 


International filing date {day/month/yea r) 

20 March 2000 (20.03.00) 


Priority date (day/month/year) 

18 March 1999 (18.03.99) 


Applicant 

NAPIER, Johnathan, A. 



1. The designated Office is hereby notified of its election made: 

| X | in the demand filed with the International Preliminary Examining Authority on: 

18 October 2000 (18.10.00) 

| | in a notice effecting later election filed with the International Bureau on: 



2. The election 



□ 



was not 



made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 



The International Bureau of WIPO 


Authorized officer 


34, chemin des Colombettes 


Zakaria EL KHODARY 


1211 Geneva 20, Switzerland 




Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 



P«rm prT/IR/^1 / hilw 1 QQ?^ 



Copy for the Elected Office (EO/US) 

PA "NT COOPERATION TREAT 



PCT/GBOO/01035 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF THE RECORDING 
Or A CHANGE 

(PCT Rule 92bis.1 and 
Administrative Instructions, Section 422) 


To: 

HALE, Stephen, Geoffrey 
J.Y. & G.W. Johnson 
Kingsbourne House 
229-231 High Holboum 
London WC1V7DP 
ROYAUME-UNI 


Date of mailing (day/month/year) 
26 June 2001 (26.06.01) 


Applicant's or agent's file reference 
JPD/P10281PCT 


IMPORTANT NOTIFICATION 


International application No. 
PCT/GBOO/01035 


International filing date (day/month/year) 
20 March 2000 (20.03.00) 



1. The following indications appeared on record concerning: 
| | the applicant | | the inventor X the agent | | the common representative 


Name and Address 

DEAN, John, Paul 
Withers & Rogers 
Goldings House 
2 Hays Lane 
London SE1 2HW 
United Kingdom 


State of Nationality 


State of Residence 


Telephone No. 


Facsimile No. 


Teleprinter No. 


2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning: 

X the person X the name X the address | | the nationality | ] the residence 


Name and Address 

HALE, Stephen, Geoffrey 
J.Y. & G.W. Johnson 
Kingsbourne House 
229-231 High Holbourn 
London WC1V7DP 
United Kingdom 


State of Nationality 


State of Residence 


Telephone No. 


Facsimile No- 


Teleprinter No. 


3. Further observations, if necessary: 


4. A copy of this notification has been sent to: 
| X| the receiving Office | | the designated Offices concerned 
| | the International Searching Authority | X| the elected Offices concerned 
| X j the International Preliminary Examining Authority | | other: 





Authorized officer 


The International Bureau of W1PO 


34, ch min des Co! mbettes 


I. Brite! 


1211 Geneva 20, Switzerland 


Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 
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INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 



Applicant's or agent's file reference 

JPD/P10281PCT 


FOR FURTHER 866 Notification of Transmittal of International Search Report 

(Form PCT/1SA/220) as well as, where applicable, item 5 below. 

ACTION 


International application No. 

PCT/GB 00/01035 


International filing date (day/manth/year) 

20/03/2000 


(Earliest) Priority Date (day/month/year) 

18/03/1999 


Applicant 

THE UNIVERSITY OF BRISTOL 



This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This International Search Report consists of a total of 5 sheets. 

[XJ It is also accompanied by a copy of each prior art document cited in this report. 



1. 



Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 



□ 



the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1(b)). 



With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 

was carried out on the basis of the sequence listing : 

| | contained in the international application in written form. 

filed together with the international application in computer readable form, 
furnished subsequently to this Authority in written form, 
furnished subsequently to this Authority in computer readble form. 



□ 
E 
E 
E 

E 



the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 



pPT) Certain claims were found unsearchable (See Box I). 
| [ Unity of invention is lacking (see Box II). 

With regard to the title, 

| | the text is approved as submitted by the applicant. 

[Xj the text has been established by this Authority to read as follows: 

POLYSATURATED FATTY ACID (PUFA) EL0NGASE FROM CAENORHABDITIS ELEGANS 



With regard to the abstract, 

[X] the text is approved as submitted by the applicant. 

□ the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant may, 
within one month from the date of mailing of this international search report, submit comments to this Authority. 

The figure of the drawings to be published with the abstract is Figure No. 1 

| [ as suggested by the applicant. None of the figures. 

PT| because the applicant failed to suggest a figure. 

| | because this figure better characterizes the invention. 



Form PCT/1SA/21 0 (first sheet) (July 1998) 



INTERNATIO 



• 



EARCH REPORT 



International application No. 
PCT/GB 00/01035 



Box I Observations where certain claims were found unsearchable (Continuati n of item 1 of first sheet) 

This international Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 



1 . X Claims Nos.: 

— because they relate to subject matter not required to be searched by this Authority, namely: 

Although claims 38-40 are directed to a method of treatment of the 
human/animal body, the search has been carried out and based on the alleged 
effects of the compound/composition. 



□ 



Claims Nos.: 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 



3. I | Claims Nos.: 

— because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 



1 . | I As all required additional search fees were timely paid by the applicant, this International Search Report covers 
I — ' searchable claims. 



all 



2. | | As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additionai fee. 



3. | I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
' — ' covers only those claims for which fees were paid, specifically claims Nos.: 



4. | | No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest 



| | The additional search fees were accompanied by the applicant's protest. 
| | No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (1)) (July 1998) 



INTERNATIONAL SEARCH REPORT 



International Application No 

B 00/01035 



10 C12N1/21 A01H5/00 ^ C07C57/03 
C07C57/12 A61K38/45 A61K31/202 A23L1/30 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 C12N 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, PAJ, BIOSIS, STRAND 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


DATABASE SWALL 'Online! 


1-12,18, 




EMBL Heidelberg, Germany; 


21,24 




ID: YLF4_CAEEL, AC: Q03574, 






1 February 1994 (1994-02-01) 






WILSON R ET AL. : "2.2 Mb of contiguous 






nucleotide sequence from chromosome III of 






C. elegans" 






XP002143744 






abstract 






-/-- 





Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



° Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

'L* document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

'X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

■Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 

28 July 2000 


Date of mailing of the international search report 

1 7. 08. 00 


Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 


Authorized officer 

Oderwald, H 
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INTERNATIONAL SEARCH REPORT 






International Application No 




P^^B 00/01035 


C.(Contlnuation) DOCUMENTS CONSIDEj^^b BE RELEVANT 


Category ° 


Citation of document, with indication .where appropriate, of the relevant passages 


Relevant to claim No. 


x 

A 


DATABASE EMINV 'Online 1 


16 17 

X V* j X / 




EMBL Heidelbera Germanv* 

i— I iuu i iv i uw i y f uvi ill c* 1 1 j y 






ID: CEC40H1, AC: Z19154, 






27 December 1992 (1992-12-27) 






BERKS M* "Caenorhabdi t i s eleaens cosmid 






C40H1" 






XP002143745 






see nucleotides 18500 to 20600 






abstract 




x 

A 


JAMES D W ET AL- "DIRECTED TAGGING OF THE 

UmI 1L w L/ n L» 1 (V ^ ■ l/ll\LV 1 LL/ 1 nuu 1 llu wl 111 l_ 


1-3 7 8 




ARABID0PSIS FATTY ACID EL0NGATI0NI fFAEl) 

n i\nu x i/vi %j x w ■ n iii nw x w uwii u n i x w ■ n y i n x / 


16-18, 




GENE WITH THE MAIZE TRANSP0REN ACTIVATOR" 

V4 ^ 1 1 l. nxiii i i iLi ■ in x <_ i— ii \m i w i \*t i\ ■_ ■ ^ # i w i x * n i wi\ 


21-23^ 




PLANT CELL, US, AMERICAN SOCIETY OF PLANT 


27-29' 




PHYSIOLOGISTS, ROCKVILLE, MD, 






vol 7 March 1995 ( 1995-03) Danes 






309-319 XP002911493 

\J \J w X ^ , l\\ WW *— ^ X X ~T ^ w 






ISSN* 1040-4651 






cited in the aDDlication 

<V 1 V W W. III Vl It Uf-Sv 1 IwvtVIWlf 






the whole document 




A 


WATTS J L AND BROWNE J- "Isolation and 


22 




characterization of a deltaB-fatty acid 






desaturase from Caenorhabditis elegans" 






ARCHIVES OF BIOCHEMISTRY AND BIOPHYSICS 

ni\\/i ii ¥ l j vi u j. wo 1 1 1_ i 1 x w i i\ i niiu uxwi n i jiwj ^ 






vol 362 no 1 






1 Februarv 1999 ( 1999-02-01} Danes 






175-182, XP002143742 






the whole document 




A 


NAPIER ET Al_- "Identification of a 

linl X l_ l\ 1— 1 /V 1— • XUCIIt 1 1 IVfUw 1 UN \J I CI 


23 




Caenorhabditis eleoans 

wUvl IUI 1 IC*W w. 1 I* 1 O C 1 Ql 1 O 






del ta6-fattv— acid— desaturase bv 






heterolonns evnression in Sarrharonivrps 






cerevisiae" 






BIOCHEMICAL JOURNAL, GB, PORTLAND PRESS, 






LONDON 






vol 330 no 2 March 1998 (1998-03) 

V W 1 • WWW, 1 1 W a 1— , 1 IUI Vl 1 X ~* -i* V \ X ^ \J V* W / y 






naaes 611-614-614 XP002099453 

L/UVJwO wXX VX" \J X "T , AI UVLUJ^t J J 






ISSN- 0264-6021 






the whole document 

Ul IC VII IU 1 C UUVrfUlilCII u 




A 


SALFM N FT AL- " Arachi doni r and 






docosahexaenoi c acids are bi osvnthesi zed 

u Vr v \J *J 1AI l\« /\ 1 1 \J 1 w U w 1 VI O Wl V- 1 vw J 1 1 wl 1^ v 1 i— W 






from their 1R— carhon nrerursors in human 

i i vim ui ic i i i. kj wOii kjyj \ i yji ctv>ui o\Ji o i ii iiuiiioiii 






i nf ant s " 






PROCEEDINGS OF THE NATIONAL ACADEMY OF 






SCIENCES OF USA, US, NATIONAL ACADEMY OF 






SCIENCE. WASHINGTON, 






vol. 93, no. 93, January 1996 (1996-01), 






pages 49-54-54, XP002131822 






t<:<;W' nn?7— ha^a 

IOOIv. UUc./ OHC.H 






the whole document 






-/-- 
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INTERNATIONAL SEARCH REPORT 


International Application No 

P^^B 00/01035 


C(Continuation) DOCUMENTS CONSIDEf^^b BE RELEVANT 


Category ° 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 

P,X 


OH ET AL: "EL02 and EL03, homologs of the 

Saccharomyces cerevlsiae ELOl gene, 

function in fatty acid elongation and are 

required for sphingolipid formation" 

JOURNAL OF BIOLOGICAL 

CHEMISTRY, US, AMERICAN SOCIETY OF 

BIOLOGICAL CHEMISTS, BALTIMORE, MD, 

vol. 272, no. 28, 

11 July 1997 (1997-07-11), pages 

17376-17384, XP002119019 

ISSN: 0021-9258 

cited in the application 

the whole document 

WO 00 12720 A (ABBOTT LAB) 
9 March 2000 (2000-03-09) 
the whole document 


1-3, 
7-31,35 
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INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Patent document 
cited in search report 



Publication 
date 



International Application No 

P^&B 00/01035 



Patent family 
members) 



Publication 
date 



WO 0012720 



09-03-2000 



AU 



5696499 A 



21-03-2000 



Form PCT/ISA/210 (patent family annex) (July 1992) 



From the INTERNATIONAL SEARCH1N 



HORITY 



To: 

WITHERS & ROGERS 
Attn. Dean, John Paul 
Goldings House 
2 Hays Lane 
London SE1 2HW 
UNITED KINGDOM 



At 



NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL SEARCH REPORT 
OR THE DECLARATION 

(PCTRule 44.1) 



pate of mailing 
(day/m on th/year) 



17/08/2000 



Applicant's or agent's file reference 

JPD/P10281PCT 



FOR FURTHER ACTION See paragraphs 1 and 4 below 



International application No. 

PCT/GB 00/ 01035 



International filing date 
(day/month/year) 20/03/2000 



Applicant 

THE UNIVERSITY OF BRISTOL 



1 H The a PP ,icant is nerebv notified that the International Search Report has been established and is transmitted herewith. 
Filing of amendments and statement under Article 19: 

The applicant is entitled, if he so wishes, to amend the claims of the International Application (see Rule 46): 

When? The time limit for filing such amendments is normally 2 months from the date of transmittal of the 
International Search Report; however, for more details, see the notes on the accompanying sheet. 



Where? Directly to the 



International Bureau of WlPO 
34, chemin des Colombettes 
1 211 Geneva 20, Switzerland 
Fascimile No.: (41 -22) 740.14.35 



For more detailed instructions, see the notes on the accompanying sheet. 

2 - I — I The a PP licant is hereby notified that no International Search Report will be established and that the declaration under 
I — I Article 17(2)(a) to that effect is transmitted herewith. 

3, Q With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that: 

□ the protest together with the decision thereon has been transmitted to the International Bureau together with the 
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices. 

| | n o decision has been made yet on the protest; the applicant wilt be notified as soon as a decision is made. 

4. Further action(s): The applicant is reminded of the following: 

Shortly after 18 months from the priority date, the international application will be published by the International Bureau. 
If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or of the 
priority claim, must reach the International Bureau as provided in Rules 90b/s.1 and 90b/s.3, respectively, before the 
completion of the technical preparations for international publication. 

Within 19 months from the priority date, a demand for international preliminary examination must be filed if the applicant 
wishes to postpone the entry into the national phase until 30 months from the priority date (in some Offices even later). 

Within 20 months from the priority date, the applicant must perform the prescribed acts for entry into the national phase 
before all designated Offices which have not been elected in the demand or in a later election within 19 months from the 
priority date or could not be elected because they are not bound by Chapter II. 



Name and mailing address of the International Searching Authority 


Authorized officer 


' European Patent Office, P.B. 581 8 Patentlaan 2 
NL-2280 HV Rijswijk 


Mireille CI audepi erre 


OjJ) Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 




XZT f +.11 -70) 340-301 6 





Form PCT/1SA/220 (July 1998) 



NOTES TO FORM PCT/1SA/220 



These Notes are intended to give the basic if^WTctions concerning the filing of amendments under^BKe 19. The 
Notes are based on the requirements of the Patent Cooperation Treaty, the Regulations and the Administrative Instructions 
under that Treaty. In case of discrepancy between these Notes and those requirements, the latter are applicable. For more 
detailed information, see also the PCX Applicant's Guide, a publication of WIPO. 



In these Notes, "Article", "Rule", and "Section'* refer to the provisions or the HC I , the HC I Heguiations and the i-'C I 
Administrative Instructions, respectively. 



INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19 



The applicant has, after having received the international search report, one opportunity to amend the claims of the 
internationaJ application. It should however be emphasized that, since all parts of the international application (claims, 
description and drawings) may be amended during the international preliminary examination procedure, there is usually 
no need to file amendments of the claims under Article 1 9 except where, e.g. the applicant wants the latter to be published 
for the purposes of provisional protection or has another reason for amending the claims before international publication. 
Furthermore, it should be emphasized that provisional protection is available in some States only. 



What parts of the international application may be amended? 

Under Articie 1 9, only the claims may be amended. 

During the international phase, the claims may also be amended (or further amended) under Article 34 before 
the International Preliminary Examining Authority. The description and drawings may only be amended under 
Article 34 before the International Examining Authority. 

Upon entry into the national phase, all parts of the internationaJ application may be amended under Article 28 
or, where applicable t Article 41 . 



When? Within 2 months from the date of transmittal of the international search report or 16 months from the priority 

date, whichever time limit expires later, it should be noted, however, that the amendments will be considered 
as having been received on time if they are received by the international Bureau after the expiration of the 
applicable time limit but before the completion of the technical preparations for international publication 
(Rule 46.1). 



Where not to file the amendments? 

The amendments may only be filed with the International Bureau and not with the receiving Office or the 
International Searching Authority (Ruie 46.2). 

Where a demand for international preliminary examination has been/is filed, see below. 



How? Either by cancelling one or more entire claims, by adding one or more new claims or by amending the text of 

one or more of the claims as filed. 

A replacement sheet must be submitted for each sheet of the claims which, on account of an amendment or 
amendments, differs from the sheet originally filed. 

All the claims appearing on a replacement sheet must be numbered in Arabic numerals. Where a claim is 
cancelled, no renumbering of the other claims is required. In aj) cases where claims are renumbered, they must 
be renumbered consecutively (Administrative Instructions, Section 205(b)). 

The amendments must be made in the language in which the international application is to be published. 



What documents must/may accompany the amendments? 
Letter (Section 205(b)): 

The amendments must be submitted with a letter. 

The letter will not be published with the international application and the amended claims. It should not be 
confused with the "Statement under Articie 19(1 )" (see below, under "Statement under Article 1 9(1 )"). 

The letter must be in English or French, at the choice of the applicant. However, if the language of the 
international application is English, the letter must be in English; if the language of the international application 
is French, the letter must be in French. 



Notes to Form PCT/lSA/220 (first sheet) (July 1 998) 



NOTES TO FORM PCT/iSA/220 (continued) 



The letter must indicate the differences between the claims as filed and the claims as amended. It must, in 
particular, indicate, in connection with each claim appearing in the international application (it being understood 
that identical indications concerning several claims may be grouped) .whether 

(i) the claim is unchanged; 

(ii) the claim is cancelled; 

(iii) the claim is new; 

(iv) the claim replaces one or more claims as filed; 

(v) the claim is the result of the division of a claim as filed. 



The following examples illustrate the manner in which amendments must be explained in the 
accompanying letter: 

1 . [Where originally there were 48 claims and after amendment of some claims there are 51]: 
"Claims 1 to 29, 31 , 32, 34, 35, 37 to 48 replaced by amended claims bearing the same numbers; 
claims 30, 33 and 36 unchanged; new claims 49 to 51 added." 

2. [Where originally there were 1 5 claims and after amendment of all claims there are 11]: 
"Claims 1 to 15 replaced by amended claims 1 to 1 1 

3. [Where originally there were 1 4 claims and the amendments consist in cancelling some claims and in adding 
new claims]: 

"Claims 1 to 6 and 1 4 unchanged; claims 7 to 1 3 cancelled; new claims 15,16 and 1 7 added." or 
"Claims 7 to 13 cancelled; new claims 15, 16 and 17 added; all other claims unchanged." 

4. [Where various kinds of amendments are made]: 

"Claims 1-10 unchanged; claims 11 to 13, 18 and 19 cancelled; claims 14, 15 and 16 replaced by amended 
claim 1 4; claim 17 subdivided into amended cfaims 15,16 and 17; new claims 20 and 21 added." 



"Statement under article 19(1)" (Rule 46.4) 

The amendments may be accompanied by a statement explaining the amendments and indicating any impact 
that such amendments might have on the description and the drawings (which cannot be amended under 
Article 19(1)). 

The statement will be published with the international application and the amended claims. 
It must be in the language in which the international application is to be published. 

It must be brief, not exceeding 500 words if in English or if translated into English. 

It should not be confused with and does not replace the letter indicating the differences between the claims 
as filed and as amended. It must be filed on a separate sheet and must be identified as such by a heading, 
preferably by using the words "Statement under Article 1 9(1)." 

It may not contain any disparaging comments on the international search report or the relevance of citations 
contained in that report. Reference to citations, relevant to a given claim, contained in the international search 
report may be made only in connection with an amendment of that claim. 



Consequence if a demand for international preliminary examination has already been filed 

If, at the time of filing any amendments and any accompanying statement, under Article 19, a demand for 
international preliminary examination has already been submitted, the applicant must preferably, at the time of 
filing the amendments (and any statement ) with the International Bureau, also file with the International 
Preliminary Examining Authority a copy of such amendments (and of any statement) and, where required, a 
translation of such amendments for the procedure before that Authority (see Rules 55.3(a) and 62.2, first 
sentence). For further information, see the Notes to the demand form (PCT/l PEA/401). 



Consequence with regard to translation of the international application for entry into the national phase 

The applicant's attention is drawn to the fact that, upon entry into the national phase, a translation of the 
claims as amended under Article 19 may have to be furnished to the designated/elected Offices, instead of, or 
in addition to, the translation of the claims as filed. 

For further details on the requirements of each designated/elected Office, see Volume ll of the PCT Applicant's 
Guide. 



Notes to Form PCT/1SA/220 (second sheet) (July 1998) 



PATENT CUUHtMA J aoiN irttAiT 

PCT 



INTERNATIONAL SEARCH REPORT 

{PCT Article 18 and Rules 43 and 44) 



Applicant's or agent's file reference 

JPD/P10281PCT 


FOR FURTHER £ee Notification of Transmittal of International Search Report 

(Form PCT/IS A/220) as well as, where applicable, item 5 below. 

ACTION 


International application No. 

PCT/GB 00/01035 


International filing date (day/month/year) 

20/03/2000 


(Earliest) Priority Date (day/month/year) 

18/03/1999 


Applicant 

THE UNIVERSITY OF BRISTOL 



This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 1 8. A copy is being transmitted to the International Bureau, 

This International Search Report consists of a total of 5 sheets. 

| X | It is also accompanied by a copy of each prior art document cited in this report. 



1 . Basis of the report 

a. 



With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 



□ 



the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1(b)). 



With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 

| | contained in the international application in written form. 

filed together with the international application in computer readable form, 
furnished subsequently to this Authority in written form. 
furnished subsequently to this Authority in computer readble form. 



□ 

m 



the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 



2. [X] Certain claims were found unsearchable (See Box i). 

3. Unity of invention is lacking (see Box ll). 



4. With regard to the title, 

| | the text is approved as submitted by the applicant. 

| X | the text has been established by this Authority to read as follows: 

POLYSATURATED FATTY ACID (PUFA) ELONGASE FROM CAENORHABDITIS ELEGANS 



5. With regard to the abstract, 

| X | the text is approved as submitted by the applicant 
the text has been established, according to Rule 2 

within one month from the date of mailing of this international search report, submit comments to this Authority. 
The figure of the drawings to be published with the abstract is Figure No 



p~| the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box 111. The applicant may, 



| | as suggested by the applicant. ' None of the figures. 

[5Cj because the applicant failed to suggest a figure. 

| | because this figure better characterizes the invention. 
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Box 1 Observations where certain ^^Kp were found unsearchable (Continuatior^^^fem 1 of first sheet) 



This Internationa! Search Report has not been established in respect of certain claims under Article I7(2)(a) for the following reasons; 



1 . X Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 

Although claims 38-40 are directed to a method of treatment of the 
human/animal body, the search has been carried out and based on the alleged 
effects of the compound/composition. 



Claims Nos.: 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 



□ 



3. | | Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This international Searching Authority found multiple inventions in this international application, as follows: 



1 . As ail required additional search fees were timely paid by the applicant, this International Search Report covers all 

' ' searchable claims. 



2. | | As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3. As only some of the required additional search fees were timely paid by the applicant, this International Search Report 

' ' covers only those claims for which fees were paid, specifically claims Nos.: 



4. | j No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest j | The additional search fees were accompanied by the applicant's protest. 

| | No protest accompanied the payment of additional search fees. 
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7C57/03 



According to international Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Air.imucr, documcrTtstic™ searched (claEsrf'cet*^" svKfe^ Jnflow/o<j hv f.i^a^ifi^aftnn cvfVink ) 

IPC 7 C12N 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal, WPI Data, PAJ, BIOSIS, STRAND 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



DATABASE SWALL [Online] 

EMBL Heidelberg, Germany; 

ID: YLF4_CAEEL, AC: Q03574, 

1 February 1994 (1994-02-01) 

WILSON R ET AL. : "2.2 Mb of contiguous 

nucleotide sequence from chromosome III of 

C. elegans" 

XP002143744 

abstract 



-I- 



1-12,18, 
21,24 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



° Special categories of cited documents : 

*A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E* earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority ciaim(s) or 
which is cited to establish the publication date of another 
citation or other speciaJ reason (as specified} 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

'P* document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

*X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

*&" document member of the same patent family 



Date of the actual completion of the international search 



28 July 2000 



Date of mailing of the international search report 



17. 08. 00 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL -2280 HV Rijswijk 

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Oderwald, H 
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Relevant to claim No. " 


X 


DATABASE EMINV [Online] 


16,17 




EMBL Heidelberg, Germany; 






ID: CEC40H1 . AC: Z19154. 






27 December 1992 (1992-12-27) 






BERKS M: "Caenorhabdi ti s elegens cosmid 






C40H1" 






XPQ02143745 






see nucleotides 185GG to 20600 






abstract 




X 


JAMES D W ET AL: "DIRECTED TAGGING OF THE 


1-3,7,8, 




ARABIDOPSIS FATTY ACID EL0NGATI0NI (FAE1) 


16-18, 




GENE WITH THE MAIZE TRANSPOREN ACTIVATOR" 


21-23, 




PLANT CELL, US, AMERICAN SOCIETY OF PLANT 


27-29 




PHYSIOLOGISTS, ROCKVILLE, MD, 






vol. 7, March 1995 (1995-03), pages 






309-319, XP002911493 






ISSN: 1040-4651 






cited in the application 






the whole document 




A 


WATTS J L AND BROWNE J: "Isolation and 


22 




characterization of a deltaS-fatty acid 






desaturase from Caenorhabdi ti s elegans" 






ARCHIVES OF BIOCHEMISTRY AND BIOPHYSICS, 






vol . 362, no. 1, 






1 February 1999 (1999-02-01), pages 






175-182, XP002143742 






the whole document 
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NAPIER ET AL: "Identification of a 


23 




Caenorhabdi ti s elegans 






del ta6-fatty-acid-desaturase by 






heterologos expression in Saccharomyces 






cerevi siae" 






BIOCHEMICAL JOURNAL, GB, PORTLAND PRESS, 






LONDON, 






vol. 330, no. 2, March 1998 (1998-03), 






pages 611-614-614, XP002099453 






ISSN: 0264-6021 






the whole document 




A 


SALEM N ET AL: "Arachidonic and 






docosahexaenoi c acids are biosynthesized 






from their 18-carbon precursors in human 






i nfants" 






PROCEEDINGS OF THE NATIONAL ACADEMY OF 






SCIENCES OF USA, US, NATIONAL ACADEMY OF 






SCIENCE. WASHINGTON, 






vol. 93, no. 93, January 1996 (1996-01), 






pages 49-54-54, XP002131822 






ISSN: 0027-8424 






the whole document 
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A 

P,X 


OH ET AL: "EL02 and EL03, homologs of the 

Saccharomyces cerevisiae EL01 gene, 

function in fatty acid elongation and are 

required for sphingolipid formation" 

JOURNAL OF BIOLOGICAL 

CHEMISTRY, US, AMERICAN SOCIETY OF 

BIOLOGICAL CHEMISTS, BALTIMORE, MD, 

vol. 272, no. 28, 

11 July 1997 (1997-07-11), pages 

17376-17384, XP002119019 

ISSN: 0021-9258 

cited in the application 

the whole document 

WO 00 12720 A (ABBOTT LAB) 
9 March 2009 (2000-03-09) 
the whole document 
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REQUEST 



The undersigned requests that the present 
international application be processed 
according to the Patent Cooperation Treaty. 



For receiving Office use oniv 



'n [emotional A do h cat ion Ni* 



PCT/GBj 0/01035 



2 0 iMARW 2QQQ 



International Filine Date 



20.03.3cc0 



United Kingdom ratem urnce 
I P CT international Application , 
Name of trial uiUj. Ufctice and "KJT International Application' 1 



Applicant's or agent's file reference jpQ /p j Q23 1 pQJ 
(if desired) (12 characters maximum) 



Box No. I 



TITLE OF INVENTION 



NOVEL POLYPEPTIDES 



Box No. II APPLICANT 



State (that is, country) of nationality; > v U 

GB 4 


State (that is, countrv) of residence: 




This person is applicant j j all designated rrrn all designated States except I ] the United States 
for the purposes of: 1 1 States 1 * 1 the United States of America ( | of America only 


j | the States indicated in 
i 1 the Supplemental Box 


Box No. Ill FURTHER APPLICANT(S) AND/ OR (FURTHER) INVENTOR(S) 



Name and address: (Family name followed by given name: for a legal entity, full official 
designation. The address must include postal 'code and name of country. The country of the 
address indicated in this Box is the applicant 's State (that is, country) of residence if ho State 
of residence is indicated below.) 

THE UNIVERSITY OF BRISTOL 

SENATE HOUSE 

TYNDALL AVENUE 

BRISTOL 

8S8 1TH 

UNITED KINGDOM 



| | This person is aiso inventor. 



Telephone No. 



Facsimile No. 



Teleprinter No. 



Deieed 

▲ 

Added 

Rc> /68 



Name and address: (Family name followed by given name: for a legal entity, full official 
designation. The address must include postal code and name of country. The country of the 
adaress indicated in this Box is the applicant s State (that is. country) of residence if ho State 
of residence is indicated below.) 

NAPI ER, JOHNATHAN A 
(p/ot^IACR - LONG ASHTON RESEARCH STATION 
DEPARTMENT OF AGRICULTURE SCIENCES 
UNIVERSITY OF BR-ISTOL 
LONG ASHTON 

BRISTOL 3S41 9AF UNITED KINGDOM 



This person is: 

| j applicant only 

|X | applicant and inventor 

j J inventor only (If this check-box 
is marked, do not fill in below.) 



State (that is. country; of nationality: f , > /\- aa 


State (that is. country; of residence: fm,2L~ 


This person is applicant I | all designated 1 1 all designated States except v 

for rhe purposes of: 1 | States |, J the I Jnirer! Stnrrs nf Amenrn ,., A . 


the United States [ | the States indicated in 
of America onlv ! | the Supplemental Box 


| j Further applicants and/or ( further) inventors are indicated on a continuation sheet. 


Box No. IV AGENT OR COMMON REP RES ENT ATfV E ; OR ADDRESS FOR CORRESPONDENCE 


The person identified below is hereby/has been appointed to act on behalf 
or the applicant! s) before the competent international Authorities as: 


X agent | | common representative 



Name and address: (Family name followed by given name: for a legal entity, full official 
designation. The address must include postal code ana name 'of country. ) 

DEAN , JOHN PAUL 
WITHERS & ROGERS 
GOLDINGS HOUSE 
2 HAYS LANE 
LONDON SE1 2HW 

UNITED KINGDOM 



Telephone No. 

4-44 1 17 9253030 



Facsimile No. 

+44 117 9253530 



Teleprinter No. 



□ 



Address for correspondence: Mark this check-box where no agent or common representative is/ has been appointed and the 
space above is used instead to indicate a special address to which correspondence should be sent. 
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DESIGNATION OF ! 



IES 



The following designations are hereby made under Rule 4.9(a) (mark the applicable check-boxes; at least one must be marked): 
Regional Patent 

El AP ARJPO Patent: GH Ghana, GM Gambia, KE Kenya, LS Lesotho, MW Malawi, SD Sudan, SL Sierra Leone, SZ Swaziland, 
TZ United Republic of Tanzania, UG Uganda, ZW Zimbabwe, and any other State which is a Contracting State of the Harare 
Protocol and of the PCT 

E EA Eurasian Patent: AM Armenia, AZ Azerbaijan, BY Belarus, KG Kyrgyzstan, KZ Kazakhstan, MD Republic of Moldova, 
RU Russian Federation, TJ Tajikistan, TM Turkmenistan, and any other State which is a Contracting State of the Eurasian Patent 
Convention and of the PCT 

El EP European Patent: AT Austria, BE Belgium, CH and LI Switzerland and Liechtenstein, CY Cyprus, DE Germany, 
DK Denmark, ES Spain, FI Finland, FR France, GB United Kingdom, GR Greece, IE Ireland, IT Italy, LU Luxembourg, 
MC Monaco, NL Netherlands, PT Portugal, SE Sweden, and any other State which is a Contracting State of the European Patent 
Convention and of the PCT 

B OA OAPI Patent: BF Burkina Faso, BJ Benin, CF Central African Republic, CG Congo, CI Cote d'lvoire, CM Cameroon, 
GA Gabon, GN Guinea, GW Guinea-Bissau, ML Mali, MR Mauritania, NE Niger, SN Senegal, TD Chad, TG Togo, and any 
other State which is a member State of OAPI and a Contracting State of the PCT (if other kind of protection or treatment desired, 
specify on dotted line) 

National Patent (if other kind of protection or treatment desired specify on dotted line): 

13 A E United Arab Emirates 0 Lr 

□ AL Albania □ LS 

13 AM Armenia El LT 



Liberia 

Lesotho 

Lithuania 
Luxembourg 
Latvia 

Morocco 

Republic of Moldova 



B AT Austria 0 LU 

El AU Australia El LV 

El AZ Azerbaijan El MA 

El BA Bosnia and Herzegovina gj MD 

El BB Barbados EJ MG Madagascar 

El BG Bulgaria . . : El MK The former Yugoslav Republic of Macedonia 

El BR Brazil 

El BY Belarus El MN Mongolia 

El CA Canada EI MW Malawi 



El CH and LI Switzerland and Liechtenstein 



EJ MX 



G3 CN China El NO 

El CR Costa Rica El NZ 

□ CU Cuba EJ pl 

El CZ Czech Republic El PT 

El DE Germany El RO 

□ DK Denmark ED RU 



[3 DM Dominica 



El SD 



ta EE Estonia El SE 

D3 ES Spain El SG 

E3 FI Finland 0 SI 

H GB United Kingdom 0 SK 

[3 GD Grenada 0 SL 

H GE Georgia El TJ 

[3 GH Ghana B TM 



[3 GM Gambia 



E TR 



03 HR 
ES HU 
0 ID 

□ 1L 
(3 IN 

□ IS 
[3 JP 
C3 KE 
Q KG 
13 KP 



Croatia 0 TT 

Hungary KJ TZ 



Mexico 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federation 

Sudan 

Sweden 

Singapore 

Slovenia 

Slovakia 

Sierra Leone 

Tajikistan 

Turkmenistan 

Turkey 

Trinidad and Tobago 

United Republic of Tanzania 

Ukraine 

Uganda 

United States of America . . 



E KR 
EJ KZ 
E LC 
SI LK 



Indonesia 0 UA 

Israel E3 UG 

India EI US 

Iceland 

Japan El UZ 

Kenya KJ VN 

Kyrgyzstan El YU 

Democratic People's Republic of Korea .... ED Z.A 

E3 ZW 

Republic of Korea Check-boxes reserved for designating States which 

, become partv to the Pel after issuance of this sheet: 

Kazakhstan E . AG . . Antigua . and. .Barbuda 



Uzbekistan . 
Viet Nam . . 
Yugoslavia . 
South Africa 
Zimbabwe . . 



have 



§□ , DZ_ Algeria 



Saint Lucia 
Sri Lanka 

Precautionary Designation Statement: In addition to the designations made above, the applicant also makes under Rule 4.9(b) all other 
designations which would be permitted under the PCT except any designation(s) indicated in the Supplemental Box as being excluded 
from the scope of this statement. The applicant declares that those additional designations are subject to confirmation and that any 
designation which is not confirmed before the expiration of 1 5 months from the priority date is to be regarded as withdrawn by the applicant 
at the expiration of that time limit. (Confirmation (including fees) must reach the receiving Office within tiie 15-month time limit.) 
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* 7. If in any of the Boxes, the space is inTujfl^^ to furnish all the information: in such caseTw^J^onimuaiion of Box No. ... 

[indicate the number of the Box] and furnish the information m the same manner as required according to the captions of the Box in 
which the space was insufficient, in particular: 

(i) if more than two persons are involved as applicants and/or inventors and no "continuation sheet " is available, in such case, write 
"Continuation of Box No. Ill" and indicate for each additional person the same type of information as required in Box No. HI. The 
country of the address indicated in this Box is the applicant 's State (that is, country) of residence if no State of residence is 
indicated below: 

(ii) if in Box No. II or in any of the sub-boxes of Box No. Ill, the indication u the States indicated in the Supplemental Box" is checked: 
in such case, write "Continuation of Box No. II" or "Continuation of Box No. HI" or "Continuation of Boxes No. II and No. Ill" 
(as the case may be), indicate the name of the applicant(s) involved and, next to (each) such name, the State(s) (and/or, where 
applicable, ARIPO, Eurasian, European or OAPl patent) for the purposes of which the named person is applicant: 

(Hi) if in Box No. II or in any of the sub-boxes of Box HI, the inventor or the inventor/applicant is not inventor for the purposes of all 
designates States or for the purposes of the United States of America: in such case, write "Continuation of Box No. II" or 
inventor(s) and next to (each) such name, the State(s) (and/or, where applicable, ARIPO, Eurasian, European or OAPI patent) for 
the purposes of which the named person is inventor; 

(iv) if in addition to the agent(s) indicated in Box No. IV, there are further agents: in such case, write "Continuation of Box No. IV" 
and indicate for each further agent the same type of information as required in Box No. IV; 

(v) if in Box No. V, the name of any State (or OAPI) is accompanied by an indication "continuation " or "continuation-in-part ": in 
such case, write "Continuation of Box No. V" and the name of each State involved (or OAPI), and after the name of each such State 
(or OAPI), the number of the parent title or parent application and the date of grant of the parent title or filing of the parent 
application; 

(vi) if, in Box No. VI, there are more than three earlier applications whose priority is claimed: in such case, write "Continuation of 
Box No. IV" and indicate for each additional earlier application the same type of information as required in Box No. VI; 

(vii) if in Box No. IV, the earlier application is an ARIPO application: in such case, write "Continuation of Box No. VI", specify the 
number of the item corresponding to that earlier application and indicate at least one country party to the Paris Convention for the 
Protection of Industrial Property for which that earlier application was filed. 



2. If with regard to the precautionary designation statement contained in Box No. V, the applicant wishes to exclude any Slate(s) from 
the scope of that statement;: in such case, write "Designation(s) excluded from precautionary designation statement " and indicate the 
name or two-letter code of each State so excluded. 

3. If the applicant claims, in respect of any designated Office, the benefits of provisions of the national law concerning non-prejudicial 
disclosures or exceptions to lack of novelty: in such case, write "Statement concerning non-prejudicial disclosures or exceptions to lack 
of novelty " and furnish that statement below. 
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N. M Wilson 
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B. J. N. Dempster 
K. J. Barnfather 
S. A. Beck 
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Box No. VI PRIORITY CLAIM 



D Further priority claimM are mcinatcd m the bupptemental Box. 



A. 

Added 



I «y 1 The receiving Office is requested to prepare and transmit to the International Bureau a certified copy 

of the earlier application(s) (only if the earlier application was filed with the Office which for the j £ 2 

purposes of the present international application is the receiving Office) identified above as item(s): 

* Where the earlier application is an ARIPO application, it is mandatory to indicate in the Supplemental Box at least one country party to the Paris 
Convention for the Protection of Industrial Property for which that earlier application was filed (Rule 4. 1 0(b)(ii)). See Supplemental Box, 



Box No. Vll INTERNATIONAL SEARCHING AUTHORITY 



Choice of International Searching Authority (ISA) 

(if two or more International Searching Authorities are 
competent to carry out the international search, indicate 
the Authority chosen: the two-letter code may be used) : 

ISA/ 



Request to use results of earlier search; reference to that search (if an earlier 
search has been carried out by or requested from (he International Searching Authority): 



Date (day/month/year) 



Number 



Country (or regional Office) 



Box No. VIII CHECK LIST; LANGUAGE OF FILING 



This international application contains 
the following number of sheets: 

request : 4 

description (excluding 
sequence listing part) 

claims 

abstract 

drawings 

sequence listing part 
of description 

Total number of sheets 



2* 
*f 

1 
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This international application is accompanied by the item(s) marked below: 
1.0 fee calculation sheet 

2. □ . separate signed power of attorney 

3. □ copy of general power of attorney: reference number, if any: 

4. □ statement explaining lack of signature 

5. □ priority document(s) identified in Box No. VI as item(s): 

6. □ translation of international application into (language): 

7. □ separate indications concerning deposited microorganism or other biological material 

8. Q nucleotide and/or amino acid sequence listing in computer readable form 

9. □ other (specify)'. 



Figure of the drawings which 
should accompany the abstract: 


Language of filing of the PMfl T^H 
international application: clNbLlon 


Box No. IX SIGNATURE OF APPLICANT OR AGENT 



Next to each signature, indicate the name of the person signing and the capacity in which the person signs (if such capacity is not obvious from reading the request). 
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WlWERS & ROGERS 
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2. Drawings: 
j v^j^received: 

[ 1 not received: 


3. Corrected date of actual receipt due to later but 
timely received papers or drawings completing 
the purported international application: 


4. Date of timely receipt of the required 
corrections under PCT Article 1 1(2): 


5. International Searching Authority . , 
(if two or more are competent: ^ A / 


6. i 1 Transmittal of search copy deiayed 
1 I until search fee is paid. 



For International Bureau use only 
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DEMAND 

under Article 3 1 of the Patent Cooperation Treaty: 
The undersigned requests that the international application specified below be the subject of 
international preliminary examination according to the Patent Cooperation Treaty and 
hereby elects all eligible States (except where otherwise indicated). 



Identification of IPEA 



For International Preliminary Examining Authority use only 



Date of receipt of DEMAND 
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Applicant's or agent's file reference 
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International application No. 
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International filing date (day/month/year) 
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I. Basis f the report s . ; 

1 . With regard to the el ments of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 
Description, pages: 

1 -27 as originally filed 



Sequence listing part of the description, pages: 

22-27, as originally filed 
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□ filed together with the international application in computer readable form, 
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[3 furnished subsequently to this Authority in computer readable form. 

The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

S The statement that the information recorded in computer readable form is identical to the written sequence 
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Claims, No.: 



1-40 



as originally filed 
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1/4-4/4 



as originally filed 
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□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) Yes: 

No: 

Inventive step (IS) Yes: 

No: 

Industrial applicability (IA) Yes: 

No: 



Claims 1 3-1 5 and 29-31 , 35 part. 

Claims 1-12,1 6-28, 32-34, 36-40 

Claims 29-31, 35 part. 

Claims 1 -28, 32-34, 36-40 

Claims 1-37 
Claims 



2. Citations and explanations 
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VI. Certain documents cited 

1. Certain published documents (Rule 70.10) 

and / or 

2. Non-written disclosures (Rule 70.9) 
see separate sheet 
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It m I. >.■■ 

The numbering of the SEQ ID as originally filed does not correspond to the numbering 
of the SEQ ID furnished subsequently to this authority in written form with the letter 
dated 25.05.00 (e.g. SEQ ID 1 as originally filed corresponds to SEQ ID 7 furnished 
subsequently to this authority in written form (25.05.00). 
Since the ISR was carried out on the basis of the sequence listing furnished 
subsequently to this authority in written form (25.05.00) (see ISR, page 1 , item 1 .b), this 
report is also based on the numbering according to the sequence listing furnished 
subsequently to this authority in written form (25.05.00). 

Item V. 

Reference is made to the following documents: 

D1: DATABASE SWALL [Online] EMBL Heidelberg, Germany; ID: 

YLF4_CAEEL, AC: Q03574, 1 February 1994 (1994-02-01) WILSON R ET 
AL.: '2.2 Mb of contiguous nucleotide sequence from chromosome III of C. 
elegans' XP0021 43744 

D2: DATABASE EMINV [Online] EMBL Heidelberg, Germany; ID: CEC40H1 , 
AC: Z19154, 27 December 1992 (1992-12-27) BERKS M: 'Caenorhabditis 
elegens cosmid C40H1' XP002 143745 



I) D1 discloses a C. elegans protein having an amino acid sequence identical to that 
shown in SEQ ID 15 of the present application. Thus, D1 destroys the novelty of 
claims 1-12 (Article 33.2 PCT). 

II) No technical feature distinguishes an engineered organism (e.g. C. elegans) 
engineered to express a polypeptide according to SEQ ID 15 from the naturally 
occurring organism. Thus, claim 18 lacks novelty over any wild type C. elegans. 

The same reasoning applies for present claims 21-24 which also lack novelty 
(Article 33.2 PCT). 
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III) Polyunsaturated fatty acids (PUFAs) were known in the art as well as their use in 
pharmaceutical and nutritive compositions (present description, second 
paragraph). This destroys the novelty of present claims 32-34 and 36-40. 

IV) The synthesis of PUFAs was thought to be catalysed in a variety of organisms by 
a specific fatty acid elongase enzyme (present description, third paragraph). Thus, 
a claim directed to a polypeptide encoding a PUFA elongase from a given 
organism, without indicating the specific sequence of said PUFA elongase, merely 
consists of a paraphrase of the technical problem. There is no inventivity in 
formulating the problem to be solved as a solution. Therefore, claims 13-14 do not 
fulfil the requirements of Article 33.3 PCT. 

The same reasoning applies for present claim 16 and 17 (with respect to the 
"variants"). 

In view of this basic knowledge of the skilled person (i.e. synthesis of PUFAs is 
catalysed in a variety of organisms by a specific fatty acid elongase enzyme) and 
given the remark made under paragraph II above, novelty of claims 19, 20 and 
25-28 cannot be acknowledged (Article 33.2 PCT). 

V) It would seem that the nucleotide sequence disclosed in D2 is prejudicial to the 
novelty of SEQ ID 7. Claims 16 and 17, would then lack novelty over D2 (Article 
33.2 PCT). 

VI) Claims 29-31 and 35 seem to be novel and inventive (but only when they refer to 
the specific sequence SEQ ID 15 in claim 3) because the identification of SEQ 
ID15 (disclosed in D1) as a PUFA elongase was apparently not derivable in an 
obvious manner from the prior art cited in the ISR. 

VII) For the assessment of the present claims 38-40 on the question whether they are 
industrially applicable, no unified criteria exist in the PCT Contracting States. The 
patentability can also be dependent upon the formulation of the claims. The EPO, 
for example, does not recognize as industrially applicable the subject-matter of 
claims to the use of a compound in medical treatment, but may allow, however, 
claims to a known compound for first use in medical treatment and the use of such 
a compound for the manufacture of a medicament for a new medical treatment. 
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Item VIII. 



1) It is clear from the description that the following features are essential to the 
definition of the invention: 

(1) SEQ ID 15 and/or 

(2) SEQID7 

Since no independent claim contains these features it does not meet the 
requirement following from Article 6 PCT taken in combination with Rule 6.3(a) 
PCT that any independent claim must contain all the technical features essential 
to the definition of the invention. 

2) The terms "at least a portion", "variants (thereof)", "homology" used in claims 3, 4- 
6, 1 7 are vague and unclear and leave the reader in doubt as to the meaning of 
the technical features to which they refer, thereby rendering the definition of the 
subject-matter of said claims unclear (Article 6 PCT). 

3) The expression "as herein defined" (claim 1) is not acceptable (Rule 6.2.a PCT). 

4) Claims 18, 19, 21-23 include humans and human embryos in their scope. This 
subject-matter is considered by the present IPEA to be contrary to morality and 
hence not allowable under Rule 9.1 (i)(ii) PCT. 
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(57) Abstract 

A isolated polypeptide comprising a functional long chain polyunsaturated fatty acid (PUFA) elongase. 
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1 

POLYSATURATED FATTY ACID (PUFA) ELONGASE FROM CAENORHABDITIS ELEGANS 

The present invention relates to polyunsaturated fatty acid (PUFA) elongases. More 
specifically, the invention relates to a DNA sequence from C elegans encoding a PUFA 
elongase. 

Unsaturated fatty acids are essential components required for normal cellular function, being 
involved in a diverse number of roles ranging from membrane fluidity to acting as signal 
molecules (Gill, L, Valivety, R. (1997). Trends BiotechnoL 15, 401-409; Broun, P., et al 
(1999) Ann. Rev. Nutr, 19, 197-216). In particular, the class of fatty acids known as the 
polyunsaturated fatty acids (PUFAs) has attracted considerable interest as pharmaceutical 
and nutraceutical compounds (Broun supra; Horrobin, D. F. (1990) Reviews in Contemp 
Pharmacotherpy 1, 1-45). 

The synthesis of PUFAs i.e. fatty acids of 18 carbons or more in length and containing two 
or more double bonds, is thought to be catalyzed in a variety of organisms by a specific fatty 
acid elongase enzyme. This elongase is responsible for the addition of 2 carbon units to an 
18 carbon PUFA, resulting in a 20 carbon fatty acid. An example of this reaction is the 
elongation of y-linolenic acid (GLA; 18:3A 6 ' 912 ) to di-homo-y-linolenic acid (DHGLA; 
20:3A 811 * 14 ) in which the tri-unsaturated 18 carbon fatty acid is elongated by the addition of a 
two carbon unit to yield the tri-unsaturated 20 carbon fatty acid. Since there is considerable 
interest in the production of long chain PUFAs of more than 18 carbons in chain length, for 
example arachidonic acid and eicosapentanoic acid, the identification of this enzyme is of 
both academic and commercial interest. 

At present, there are no examples of identified cloned genes encoding PUFA elongases, 
though a number of genes encoding enzymes likely to be involved in other aspects of lipid 
synthesis have been identified. For example, an Arabidopsis gene (FAE1) has been shown 
to be required for the synthesis of very long chain monounsaturated fatty acids (such as 
erucic acid; 20:1A U ) (James, D. W. et al, (1995) Plant Cell 7, 309-319). However, it is clear 
that this enzyme does not recognize di- and tri-unsaturated 18 carbon fatty acids, for 
example, linoleic acid, 18:2A 9 * 12 or a-linolenic acid, 18:3A 9J2J5 respectively, as substrates, 
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and is therefore not involved in the synthesis of long chain PUFAs (Millar & Kunst (1997), 
Plant Journal 12, 121-131). This in itself is not surprising, since, of the plant kingdom, only 
a very few lower plant species, such as the moss Physcomicotrella patens (Girke et ah, 
(1998), Plant J, 15: 39-48); are capable of synthesising long chain PUFAs, and therefore 
Arabidopsis would not be expected to contain any such enzymes (Napier et al (1997), 
Biochem J, 328: 717-720; Napier et al, (1999) Trends in Plant Sci 4, 2-5). 

A schematic diagram representing a generalized pathway for the product of PUFAs is 
shown in Figure L Biochemical characterisation of mammalian elongation systems (most 
notably from liver microsomes) has indicated that a mammalian elongase consists of four 
subunits, made up of a condensing enzyme, a (J-ketoreductase, a dehydrase and an enoyl 
reductase (reviewed in Cinti, D. L., et al (1992) Prog. Lipid Res. 31, 1-51). The 
Arabidopsis FAE1 gene product encodes a polypeptide of 56kDa, which shows very 
limited homology to condensing enzymes such as chalcone synthase and stillbene synthase 
(James, D. W. supra). Although FAE1 is normally only expressed in seed tissues, ectopic 
expression in non-seed tissue (or heterologously in yeast) revealed that FAE1 could direct 
the synthesis of erucic acid (Millar, A. A., Kunst, L. (1997) Plant J, 12, 121-131). 

Three fatty acid elongase activities have been characterised from the yeast S. cerevisiae. 
Again, this organism does not synthesis PUFAs, and therefore does not contain genes 
encoding a PUFA elongase. One gene ELOl, was identified on the basis of a screen to 
isolate mutants defective in elongation of 14 carbon (i.e. medium) chain saturated fatty 
acids (Toke & Martin (1996) J Biol Chem 271, 18413-18422). Complementation of elol 
mutants restored viability, and the ELOl gene product was shown to encode a polypeptide 
which was responsible for the specific elongation of 14:0 fatty acids to 16:0 fatty acids. 

Two related genes were also detected in the genome of S. cerevisiae, and their function 
determined by disruption. These two genes, subsequently named EL02 and EL03, were 
shown to be involved in the elongation of the very long chain saturated fatty acids found in 
sphingolipid molecules (Oh et al (1997), J. Biol Chem 272, 17376-17384). In particular, 
EL02 was required for elongation of fatty acids up to 24 carbons, and EL03 was required 
for elongation of the 24 carbon fatty acid to 26 carbons. However, neither gene was 
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essential for viability. Examination of the these three fatty acid elongases revealed the 
presence of a conserved "histidine box" motif (Shanklin et aL y (1994), Biochemistry, 33, 
12787-12794) (His-X-X-His-His, where X is any amino acid) towards the centre of the 
polypeptide sequences. Importantly, there was no detectable homology between the yeast 
elongases (ELO 1,2,3) and the plant very long chain mono-unsaturated fatty acid elongase 
(FAE1) (Oh et al, supra). 

In order to identify genes encoding PUFA elongases, it is necessary to study systems in 
which the synthesis of PUFAs is well documented; a good example of this is the model 
animal system G elegans, a small free-living worm (Tanaka et aL y (1996), Lipids 31, 
1173-1178). G elegans, like most other animals, and in contrast to higher plants, 
synthesises PUFAs such as arachidonic acid (AA; 20:4 A 5,8,11,14 ) as precursors to a class of 
molecules known as the eicosanoids, which in turn serve as precursors for compounds such 
as prostaglandins and leucotrienes (Horrobin, (1990), Reviews in Contemp Pharmacotherpy. 
1:1-45). The presence of AA and other long chain polyunsaturated fatty acids in C elegans 
is well documented (Tanaka et al t (1996), Lipids 31, 1 173-1 178). The complete sequence 
of the nematode's genome is now publicly available (The G elegans consortium, 1998, 
Science 282, 2012-2018: Database at 

http://www.sanger. ac. uk/Projects/Cjelgans/blast server. shtml). 

An object of the invention is to provide an isolated PUFA elongase. 

Using the above-mentioned G elegans genomic sequence, together with suitable search 
strings, the inventors identified eight related putative open reading frames (ORFs) encoding 
for PUFA elongases. A number of different search criteria were applied to identify a 
number of (ORFs) which were likely to encode polypeptides with fatty acid elongase 
activities. These ORFs were then subject to functional characterisation by heterologous 
expression in yeast, allowing the identification of a PUFA elongase. 

Accordingly, a first aspect of the invention provides an isolated polypeptide comprising a 
functional long chain polyunsaturated fatty acid (PUFA) elongase i.e. the polypeptide has 
the function of extending the chain length of an 18 carbon PUFA to 20 carbons in length. 
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This polypeptide can be used to elevate PUFA levels in animals, thereby providing a ready 



source of PUFAs. 



The polypeptide may be from a eukaryote. 

The polypeptide may comprise at least a portion of the amino acid shown in SEQ ID. 15, or 
variants thereof. 



For the purposes of the present application, the term "variant" in relation to a certain 
sequence means a protein or polypeptide which is derived from the sequence through the 
insertion or deletion of one or more amino acid residues or the substitution of one or more 
animo acid residues with amino acid residues having similar properties, e.g. the replacement 
of a polar amino acid residue with another polar amino acid residue, or the replacement of a 
non-polar amino acid residue with another non-polar amino acid residue. In all cases, 
variants must have an elongase function as defined herein. 

A second aspect of the invention provides a polypeptide having at least 60 % homology to a 
polypeptide according to a first aspect of the invention. The polypeptide may have at least 
80%, or as much as 90% or more homology to a polypeptide according to a first aspect of 
the invention. 



The polypeptide according to either aspect of the invention may include a sequence motif 
responsible for Endoplasmic Reticulum (ER) - retention. This allows the polypeptide to be 
specifically located or targeted to the ER of a cell. 



The polypeptide may also be able to elongate palmitoleic acid (PA; 16:1 A 9 ) to vacceric acid 
(VA; 18:lA n ). Thus, the polypeptide is also capable of elongation of a A 9 - monounsaturated 
16C fatty acid. 

Preferably, the polypeptide is from an animal, more preferably, the animal is an invertebrate 
such as a worm. Where the animal is a worm, it is preferably C. elegans. Alternatively, the 
animal is a vertebrate, preferably a mammal such as a human, rat or mouse. 
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A third aspect of the invention provides an isolated DNA sequence, preferably a cDNA 
sequence, encoding a polypeptide according to a first or second aspect of the invention. 
This DNA sequence may be used to engineer transgenic organisms. 

Preferably, the DNA sequence comprises the sequence shown in SEQ ID NO: 7 or variants 
of that sequence due, for example, to base substitutions, deletions, and/or additions. 

A fourth aspect of the invention provides an engineered organism, such as a transgenic 
animal, engineered to express a polypeptide according to a first or second aspect of the 
invention. The engineered organism may be engineered to express elevated levels of the 
polypeptide, thereby providing a supply of polypeptide at a reduced cost as a reduced 
number of organisms need be used. 

Preferably, the engineered organism is a mammal such as a rat, mouse or monkey. 

A fifth aspect of the invention provides an engineered organism containing a synthetic 
pathway for the production of a polypeptide according to a first or second aspect of the 
invention. This has the advantage of allowing greater control over the production of PUFAs 
by the pathway by an organism. 

The pathway may include A 5 -fatty acid desaturase, and/or A 6 -fatty acid desaturase. 

The engineered organism according to a fourth or fifth aspect of the invention may be a 
lower eukaryote, such as yeast. Alternatively, the transgenic organism may be a fish. 

A sixth aspect of the invention provides a transgenic plant engineered to express a 
polypeptide according to a first aspect of the invention. 

A seventh aspect of the invention provides a transgenic plant containing a DNA sequence 
according to a third aspect of the invention. 
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An eighth aspect of the invention provides a method of producing a PUFA comprising 
carrying out an elongase reaction catalysed by a polypeptide according to a first or second 
aspect of the invention. 

The PUFA may be di-homo-gamma-linoleic acid (20:3A 8,1U4 )> arachidonic acid 
(20:4A 5i8 - IU4 ), eicosapentanoic acid (20:5A SAIU4 - 17 ), docosatrienoic acid (22:3A 316 - 19 ), 
docosatetraenoic acid (22:4A 7J(U3 ' 16 ), docosapentaenoic acid (22:5A 7 - 1(U3J6 * 19 ) or 
docosahexaenoic acid (22:6A 4 ' 7JOJ3 ,6J9 ). 

The PUFA may be a 24 carbon fatty acid with at least 4 double bonds. 

A ninth aspect of the invention provides a PUFA produced by a method according to an 
eighth aspect of the invention. 

The PUFA may be used in foodstuffs, dietary supplements or pharmaceutical compositions. 

A tenth aspect of the invention provides a foodstuff comprising a PUFA according to a fifth 
aspect of the invention. The foodstuff can be fed to an animal. 

An eleventh aspect of the invention provides a dietary supplement comprising a PUFA 
according to a fifth aspect of the invention. The dietary supplement can be supplied to an 
animal to augment its PUFA levels. 

An twelfth aspect of the invention provides a pharmaceutical composition comprising a 
polypeptide according to a first or second aspect of the invention or a PUFA according to a 
ninth aspect of the invention. 

Preferably, the pharmaceutical composition comprises a pharmaceutically-acceptable 
diluent, carrier, excipient or extender. This allows the composition to be supplied in a form 
which best suits the pharmaceutical application in question. For example, a topical 
application would preferably be a cream or lotion, whereas if the composition was to be 
ingested a different form would be more suitable. 
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A thirteenth aspect of the invention provides a method of treatment of an animal, such as a 
mammal, or a plant, comprising supplying to the animal or plant a DNA sequence according 
to a third aspect of the invention, a foodstuff according to a tenth aspect of the invention, a 
dietary supplement according to an eleventh aspect of the invention, a pharmaceutical 
composition according to a twelfth aspect of the invention or a PUFA according to a ninth 
aspect of the invention. 

Preferably, the mammal is a human. 

The invention will now be further described, by way of example only, with reference to SEQ 
ID1 to 16, and Figures 2 to 1 1, in which; 

SEQ ID 1 to 8 show the putative ORFs encoding PUFA elongases A to H respectively; and 

SEQ ID9 to 16 show the deduced amino acid sequences of the putative ORFs of SEQ ID 
NO: 1 to 8 respectively; and 

Figures 2 to 9 show hydrophobicity plots for each of PUFA elongases A to H respectively. 

Figure 10 shows an amino acid sequence line-up comparing the C elegans ORF F56H1 1.4 
(Z68749) with related sequences. 

Figure 1 1 shows chromatograms of fatty acid methyl esters from transformed yeast. 
Introduction to general strategy 

Initially the C elegans databases were searched for any sequences which showed low levels 
of homology to yeast ELO genes (EL02 and EL03) using the TBLASTN programme. A 
similar search was carried out using short (20 to 50 amino acid) stretches of ELO genes 
which were conserved amongst the three ELO polypeptide sequences. C. elegans sequences 
which were identified by this method were then used themselves as search probes, to 
identify any related C. elegans genes which the initial search with the yeast sequences failed 
to identify. This was necessary because the level of homology between the yeast ELO genes 
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search of worm sequences, a novel approach was adopted to circumvent the major drawback 
with searches using the BLAST programmes, namely that the search string (i.e. the input 
search motif) must be longer than 15 characters for the algorithm to work. Thus, if it was 
desired to search for a short motif (like a histidine box), then the BLAST programme would 
not be capable of doing this. A complete list of all the predicted ORFs present in the C 
elegans genome exists as a database called Wormpep, which is freely available from the 
Sanger WWW site (http://www.sanger.ac.uk/Projects/C_elegans/webace_front_end.shtml). 
The latest version of Wormpep was down loaded to the hard disc of a Pentium PC, and 
re-formatted as a Microsoft Word6 document, resulting in a document of about 3,500 pages. 
This was then searched using the "Search & Replace" function of Word6, which also allows 
for the introduction of "wildcard" characters into the search motif. So, for example, it is 
possible to search both for the short text string HPGG, which would identify any predicted 
worm ORF present in the Wormpep 3,500 page document containing this motif, or 
alternatively search with HPGX (where X is a wild card character). Clearly, such (manual) 
searches of a 3,500 page document are extremely time-consuming and demanding, also 
requiring visual inspection of each and every identified ORF. For example, searching with a 
motif such as HXXHH identifies in excess of 300 different ORFs. However, by using a 
number of different short search strings (as outlined below), and combining these with other 
methods for identifying putative elongase enzymes, a number of candidate ORFs have been 
identified. 



Database search using the FAE1 polypeptide sequence 

As a negative control, to demonstrate that the FAE1 gene sequence was unlikely to provide a 
useful search sequence in the identification of C.elegans sequences encoding for PUFA 
elongases, the GenBank databases (http://www.ncbi.nlm.nih.gov/Web/Search/index, html) 
were searched using the Arabidopis FAE1 polypeptide sequence to identify related genes or 
expressed sequence transcripts (ESTs). GenBank is the NIH genetic sequence database, an 
annotated collection of all publicly available DNA sequences (Nucleic Acid Research (1998) 
26, 1-7). There are approximately 2,162,000,000 bases in 3,044,000 sequence records as of 
December 1998. The search was carried out using the BLAST2 (Basic Local Alignment 
Search Tool) algorithm (Altschul et al, (1990) J Mol Biol 215,403,410) Although a number 
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of plant ORFs and ESTs were reported as being related, no animal sequences were identified 
by this search, confirming the observation that FAE1 was unlikely to be a suitable candidate 
as a search template for PUFA elongases. 

Database search using yeast ELO sequences 

Using the three yeast fatty acid elongase sequences (ELO 1, 2, 3) as probes, a number of 
putative ORFs in the DNA of C elegans-derived cosmid sequences which form the C 
elegans genomic sequence database were identified. Moreover, an extensive and 
time-consuming search of a downloaded copy of the WormPep database 
(ftp://ftp.sanger.ac.ulc/pub/databases/wormpep) using manual search strings in MSWord 6, 
identified a number of C elegans ORFs which contained presumptive histidine boxes. 
Wormpep contains predicted proteins from the Caenorhabditis elegans genome sequence 
project, which is carried out jointly by the Sanger Centre in Cambridge, UK and Genome 
Sequencing Center in St. Louis, USA. The current Wormpep database, Wormpep 16, 
contains 16,332 protein sequences (7,120,115 residues). Search strings used included 
[HXXHH], [HXXXHH], [QXXHH] and [YHH]. Comparison of the data from the two 
different searches indicated a small (<10) number of putative ORFs as candidate elongases. 
The histidine box motifs are shown in bold in SEQ ID 9 to 16. 

Hydrophobicity plot analysis 

Since the fatty acid elongase reaction is predicted to be carried out on the cytosolic face of 
the endomembrane system (Toke & Martin (1996), supra; Oh et al (1997), supra), the 
putative C. elegans ORFs were examined for potential membrane spanning domains, via 
Kyte & Doolittle hydrophobicity plots (J. MolBiol, (1982), 157, 105-132). This revealed a 
number of ORFs with possible membrane-spanning domains, and also indicated a degree of 
similarity in the secondary-structure of a number of identified ORFs. 

Screening for ER-retention signal sequences 

The inventors postulated that since fatty acid elongases are expected to be endoplasmic 
reticulum (ER) membrane proteins, they might be expected to have peptide signals which 
are responsible for "ER-retention". In the case of ER membrane proteins, this signal often 
takes the form of a C-terminal motif [K-K-X 2 - 3 -Stop], or similar variants thereof (Jackson et 
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al f (1990), EMBO J., 9, 3153-3162). Further sequence analysis of the C. elegans putative 
elongases revealed that 4 ORFs (F41H10.7, F41H10.8, F56H11.4, Y53F4B.c) had 
C-terminal motifs that exactly matched this search pattern, and that a further 2 ORFs 
(F11E6.5, C40H1.4) had related sequences. These sequence motifs are underlined in SEQ 
ID 9 to 13, 15 and 16. 

Chromosome mapping 

Since the inventors had previously observed that C.elegans genes involved in the synthesis 
of PUFA may exist in tandem (for example the A5 and A6 desaturases required for AA and 
GLA synthesis, respectively, are < 1 kB apart on chromosome IV (Michaelson et al.> (1998), 
FEBS Letts 439, 215-218), the positions of the putative G elegans eiongase ORFs were 
determined using the Sanger Centre's WebAce C elegans server 
(http://www.sanger.ac.uk/Projects/C_elegans/webace_front_end^ This indicated that 

two pairs of putative elongases were in close proximity to each other on the C elegans 
chromosome IV. 

F41H10.7 and F41H10.8 were identified as being approximately 10 Kb apart on 
chromosome IV, and F56H11.3 and F56H1 1.4 were identified as being approximately 2 Kb 
apart on chromosome IV. 

Putative C. elegans fatty acid elongases 

The positions of the putative ORFs in the G elegans genome are shown below i.e. 
chromosome number, and map position in centiMorgans, together with the GenBank 
database accession numbers. 

The designations used employ the same method as used on the Sanger Centre's C elegans 
database, i.e. ORF C40H1.4 is predicted coding sequence 4 on cosmid C40H1 . 

Eiongase Cosmid Sanger ID GenBank Acc Chromosome 

Code 

A C40H1.4 Z19154 HI 
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C F11E6.5 Z81058 IV, 18.8 

D F41H10.7* U61954 IV, 29.8 

E F41H10.8* U61954 IV, 29.8 

F F56H11.3* Z68749 IV, 2.5 

G F56H11.4* Z68749 IV, 2.5 

H Y53F4B.C Z92860 II 



* or* indicates genes in tandem 

Comparison of C. elegans putative elongase ORFs with yeast genes: 

Each of the three yeast ELO polypeptides were compared against all of the worm putative 
elongase translated ORF sequences, and then ranked in order of similarity (as measured by 
the BLAST score) (Altschul et al (1990), supra) 

The results are shown below, with the ORF sequences ranked from most similar to least 
similar, and the BLAST scores are shown in brackets: 

Yeast ELOl ( 1 4 to 16 carbon fatty acid elongase) 

G (262) > E (241) > D (225) > C (219) > A (216) > F (215) > H (197) > B (172) 

Yeast ELQ2 (24 carbon sphingolipid elongase) 
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24.3 U41011 IV, 7.68 



E (231) > C (226) > G (189) > A (181) > F (166) > D (150) > H (141) > B (140) 
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Yeast ELQ3 (24 to 26 sphingolipid elongase) 

D (171) > G(163) > F (154) > A (152) > E (150) > C (131) > B (132) > H (128) 

It is clear from the numeric values of the BLAST scores that the sequences are related, but 
the levels of homology are low. For comparison, the BLAST score for homology between 
two related worm proteins, the A5 and the A6 desaturase is in excess of 500. 

Analysis of potential sphingolipid ancestry 

Previously, the inventors had noted the similarities between the fatty acid A6 desaturase and 
sphingolipid desaturases in plants, and that the two distinct enzymes could have arisen from 
one ancestral gene. Moreover, it was considered likely that the sphingolipid desaturase 
predated the fatty acid desaturase, and may in fact have been the ancesteral progenitor. 
Therefore it is plausible that the next step in the arachidonic acid biosynthetic pathway has 
also evolved from the sphingolipid metabolic pathway. It is therefore considered highly 
significant that some of the C. elegans ORF putative elongases have similarity to 
sphingolipid enzymes. For this reason, these ORFs are considered to be very clear 
candidates for PUFA elongases. It has previously been considered that the C. elegans A5 
and A6 fatty acid desaturases have evolved from 1 ancestral gene (Michaelson et aL, (1998), 
FEBS Letts 439, 215-218). It is also significant that one pair of C elegans putative 
elongase ORFs (F & G) genetically maps close to the A5/A6 fatty acid desaturase genes, 
with both gene pairs being located at the top end of chromosome IV. 

Cosmid Sanger ID GenBank Acc Chromosome Encoded Peptide 
Code 

W08D2.4 Z70271 IV, 3.06 A6 fatty acid desaturase 

T13F2.1 Z81 122 IV, 3.06 A5 fatty acid desaturase 
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Cloning of Desaturase and Elongase Genes in Yeast Expression Vectors 

Putative elongases sequences F56H11.4 and F41H10.8 were cloned by PCR into the 
pYES2 vector (Invitrogen). A C. elegans mixed stage cDNA library was used as a PCR 
template. F56H1 1 .4 was amplified using primers: 

56hll4.for 5 '-GCGGGTACCATGGCTCAGCATCCGCTC-3 * and; 

56hl 14.rev 5 '-GCGGGATCCTTAGTTGTTCTTCTTCTT-3 ' . 

F41H10.8 was amplified using primers: 

41hl08.for 5 ' -GCGGGTACC ATGCC AC AGGGAGAAGTC-3 ' and; 
4 lhl 08.rev 5 '-GCGGGATOCTTATTC AATTTTTCTTTT-3 ' . 



Amplified sequences were then restricted using Kpnl and BamHI (underlined in the 
forward and reverse primers, respectively), purified using the Qiagen PCR purification kit, 
and ligated into a KpnI/BamHI cut pYes2 vector. 

An ORF encoding the Mortierella alpina A 5 -fatty acid desaturase (Michaelson, L. V., et al 
(1998) J. Biol. Chem. 273, 19055-19059) was amplified using primers: 

MadS.for 5 '-GCGAATTC ACCATGGGTACGGACC AAGG A-3 ' and; 

Mad5 .rev 5 '-GCGGAGCTCCTACTCTTCCTTGGGACG-3 \ 

and restricted using EcoKL and Sad, gel purified as described and ligated into a EcoRUSacl 
cut pESC-TRP vector (Stratagene) to generate pESC/A 5 . 

An ORF encoding the borage A 6 -fatty acid desaturase (Sayanova, O., et al (1997) Proc. 
Natl Acad. Sci USA 94, 421 1-4216) was restricted from pGEM3 using BamHI and Xhol 
and ligated into a BamHUXhol cut pESC-TRP vector to generate pESC/A 6 . 
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A double construct was also generated by ligating the BamHUXhoI borage A 6 insert into the 
pESC/A 5 construct described previously, generating pESC/(A 5 ,A 6 ). 

Functional Characterisation in Yeast 

Elongases and desaturase constructs were introduced in Saccharomyces cerevisiae 
W303-1A using a lithium acetate based method (Elble, R. (1992) Biotechniques 13, 18-20) 
and expression of the transgenes was induced by addition of galactose to 2% (w/v) as 
described in Napier et al (Napier, J. A., et al (1998) Biochem J 330, 611-614; Michaelson 
L. V., supra; Michaelson, L V., (1998) FEBS Letts 439, 215-218). Yeast transformants 
containing pYES2-derived constructs were grown on synthetic minimal media (SD, the 
composition of which is defined in Sherman, F (1991) Methods in Enzymology 194, 3-21); 
synthetic minimal medium minus uracil; pESC-derived constructs were grown on SD 
minimal medium minus tryptophan. Co-transformed yeast (containing both pYES2 and 
pESC derivatives) were grown on SD minimal medium minus uracil and tryptophan. Prior 
to induction, cultures were grown in the presence of 2% raffinose and supplemented with 
0.5 mM of the appropriate fatty acid substrate in the presence of 1% tergitol-(NP40) 
(Sigma). All cultures were then grown for a further 48-h unless indicated. 

Fatty Acid Analysis 

To identify the elongation reaction responsible for the synthesis of di-homo-y-linolenic acid 
(DHGLA; 20:3 A 8JU4 ) from GLA, this latter fatty acid was supplied as the (exogenous) 
substrate. 

Lipids were extracted from transformed and control yeast by homogenisation in 
MeOH-CHCb using a modification of the method of Bligh and Dyer (Dickenson & Lester 
(1999) Biochim Biophys Acta 1426, 347-357). The resulting CHCU phase was evaporated 
to dryness under nitrogen gas and the samples were transmethylated with 1M HC1 in 
methanol at 80 °C for 1 hour. Fatty acid methyl esters (FAMES) were extracted in hexane 
and purified using a small column packed with Florisil. Analysis of FAMES was 
conducted using a Hewlett Packard 5880A Series Gas Chromatograph equipped with a 
25M x 0.32mm RSL-500BP bonded capilliary column and a flame ionisation detector. 
Fatty acids were identified by comparison of retention times with FAME standards (Sigma) 
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separated on the same erC. Quantitation was carried out using peak height area integrals 
expressed as a total of all integrals (Bligh, E.G. & Dyer, WJ. (1959) Can. J, Biochem. 
Physiol 37,911-917). 

Total fatty acids extracted from yeast cultures were analysed by gas chromatography (GC) 
of methyl ester derivatives. Lipids were extracted, transmethylated and the fatty acid 
methyl esters (FAMEs) analysed as described by Sayanova et al 

Figure 1 1 shows chromatograms of fatty acid methyl esters from yeast transformed with the 
control (empty) plasmid pYES2 (Fig. 1 1A) or with ORF F56H1 1.4 in pYES2 (Fig. 1 IB). 
Exogenous substrate in the form of GLA was supplied to the cultures. Two novel peaks 
are observed in (B); these peaks (annotated as 20:3 and 18:1*) were identified (against 
known standards) as DHGLA and vaccenic acid, respectively. Detection was by flame 
ionisation. 

One cDNA ORF tested in this manner displayed a high level of elongase activity on the 
GLA substrate, converting 44% to DHGLA. The identity of this elongation product was 
confirmed as DHGLA by comparison with a known standard (the standards used were 
known standards for either DHGLA, AA, EPA or VA from Sigma Chemicals, Ltd.), using 
GCMS analysis using a Kratos MS80RFA (Napier, J. A., supra; Michaelson, L. V., supra; 
Michaelson, L. V., supra). The deduced amino acid sequence of the functional elongase 
clone identified it as being encoded by the C. elegans gene F56H1 1 .4, and comparison with 
the yeast ELO genes showed low homology confined to a few short amino acid motifs (see 
Fig. 10). Some similarity with a mouse gene Cig30 (Tvrdik, P., (1997) J. Biol Chem. 272, 
31738-31746), which has been implicated in the recruitment of brown adipose tissue in 
liver tissue, was also observed, as well as a potential human homologue encoded by a gene 
located on chromosome 4q25, BAC 207d4. The most closely related C. elegans ORFs, 
F41H10.8 (U61954) and F56H11.3 (268749) are also shown, as is part of a related human 
gene present on chromosome IV (present on BAC clone B207d4; AC004050). The 
GenBank accession numbers are given for all sequences. 



The range of fatty acids synthesised by C. elegans can potentially require a number of 
different elongation reactions (Tanaka, T., (1996) Lipids 31, 1173-1178). The 
substrate-specificity of the F56H11.4 PUFA elongase was therefore determined using a 
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range of exogenously supplied fatty acids. This revealed that GLA is the major substrate, 
with a number of other fatty acids being elongated at a lower efficiency (see Table 1). 
Although most of these substrates are polyunsaturated fatty acids, it was unexpectedly 
observed that palmitoleoic. acid (PA; 16:1 A 9 ) was also elongated by F56H11.4 to yield 
vaccenic acid (VA; 18:1 A 11 ). The biosynthetic pathway for VA is unclear, but the data 
indicate that it may be synthesised by elongation of A 9 -monounsaturated 16C fatty acid. 

The C. elegans PUFA elongase ORF F56H1 1.4 maps to the top of chromosome IV (at 4.32 
cM) with a related sequence (F56H11.3; 51 % similarity) located l,824bp downstream. 
Another C. elegans gene (F41H10.8) was also observed, which is present on chromosome 
IV, and which shows a slightly higher level (53%) of similarity to the PUFA elongase than 
F56H11.3 (see Fig. 10). However, when a PCR product encoding ORF F41H10.8 was 
expressed in yeast in a manner identical to that used for F56H11.4, the former failed to 
direct the elongation of any fatty acids, despite the provision of a range of substrates (see 
Table II). 

In order to reconstitute the PUFA biosynthetic pathway in a heterologous system, the 
PUFA elongase F56H11.4 was expressed in yeast in conjunction with either the A 6 - or 
A 5 -fatty acid desaturases previously isolated and characterised by the inventor (Napier, J. 
A., supra; Michaelson, L. V., supra). Expression of the A 6 -fatty acid desaturase and 
F56H1 1.4 was carried out in the presence of two different substrates (LA or ALA) while 
the A 5 -fatty acid desaturase and the elongase were expressed in the presence of GLA only. 
This demonstrated that was possible to combine a desaturase and an elongase in yeast to 
generate significant amounts of a final "product" (see Table HI). In the case of the 
elongase and the A 6 -fatty acid desaturase, the reactions proved highly efficient with the 
production of 4.5% of DHGLA from the LA substrate. This resulted from 25% 
desaturation of the LA substrate to GLA, which was then elongated to DHGLA at a similar 
level of efficiency (18%). This is lower than the % conversion observed for GLA when 
supplied exogenously (see Table I), indicating that the in vivo production of substrates for 
elongation may be rate-limiting. 
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If ALA was used as a substrate, 27% of this was initially A 6 -desaturated to yield 
octadecatetraenoic acid (OTA; 18:4 a 6,9,12,15 ) but only 8% of was subsequently elongated to 
yield eicosatetraenoic acid (20:4 a MU4 ' 17 ). Thus, the conversion efficiency of ALA to the 
final 20-carbon tetraenoic PUFA was only about 2.2%. 

Since DHGLA is an n-6 fatty acid, whilst the OTA-derived eicostetraenoic acid is an n-3 
type, this demonstrates that the elongase is capable of accepting both forms of essential 
fatty acid, albeit with different efficiencies. Verification was also provided that the 20C 
PUFAs synthesised in the yeast expression system were generated by the A 6 -desaturation of 
18C substrates which were subsequently elongated, as the A 6 -desaturase showed no activity 
on 20:2 or 20:3 substrates (see Table HI). 

The combination of the A 5 -desaturase and the elongase also demonstrated that these two 
enzymes could work in tandem, although the efficiency of this overall conversion was 
lower (3.3% AA from GLA) which was due to the previously observed low activity of the 
A 5 -desaturase enzyme itself (Michaelson, L. V., supra; Michaelson, L. V., supra). Thus, 
although nearly 45% of the GLA substrate was elongated to DHGLA, only 7.5% of this 
was then desaturated to AA (see Table HI), 

Finally, the production of either AA or eicosapentanoic acid (EPA; 20:5 A 5,8,11,14,17 ) in yeast 
from dienoic or trienoic 18 carbon substrates was achieved via expression of all three 
enzymes (the two desaturases and the F56H11.4 PUFA elongase) simultaneously. As 
shown in Table IV, small but significant amounts of AA were produced when the yeast was 
supplied with the 18C dienoic fatty acid LA. 

GC-Mass Spectroscopy (MS) Analysis 

Peak identification and confirmation were carried out by GC-MS using a Kratos MS80RFA 
using known standards (Sigma). The identity of this 20C PUFA was verified by GCMS, 
indicating that the conversion efficiency from LA was 0.65%. When ALA was used as a 
substrate, 12.5% of the (A 6 -desaturated and elongated) eicosatetraenoic n-3 fatty acid was 
A 5 -desaturated, resulting in a total conversion of 0.3% of the ALA substrate to EPA (the 
identity of EPA was confirmed by GCMS). 
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Expression of C. elegans elongase in plants 

In order to express C elegans elongase in plants, the following protocol is an example of a 
process which can be used to create the transgenic plants. C. elegans ORF sequence can be 
subcloned into a plant expression vector pJD330, which comprises a viral 35S promoter, 
and a Nos terminator. The resulting cassette or promoter/coding sequence/terminator can 
then be subcloned into the plant binary transformation vector pBin 19, and the resulting 
plasmid introduced into Agrobacterium tumefaciens. This Agrobacterium strain can then be 
used to transform Arabidopsis by the vacuum-infiltration of inflorescences, and the seeds 
harvested and plated onto selective media containing kanamycin. Since pBin 19 confers 
resistance to this antibotic, only transformed plant material will grow. Resistant lines can 
therefore be identified and self-fertilized to produce homozygous material. Leaf material 
can then be analyzed for expression of C elegans elongase. 

Fatty acid methyl ester analysis can be carried out as previously described. 
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SEQ ID1 

C4 0H1.4 

atggagcttgccgagttctggaatgatctcaacaccttcaccatctacggaccgaatcac 
acagatatgaccacaaaatacaaatattcatatcacttcccaggtgaacaggtggcggat 
ccgcagtattggacgattttattccagaaatattggtatcattcgatcacaatatcagtt 
ctttatttcattttaattaaggtgattcaaaagtttatggagaatcgaaaaccattcact 
ttgaaatacccattgattctttggaatggagctcttgcagcattcagtataattgccaca 
ttgcggttctctattgatcctctacgatcactatatgctgaaggattctacaaaactctg 
tgctattcgtgtaatccaactgatgtggctgcattttggagctttgcattcgctctttcc 
aagattgttgaacttggagacactatgttcattattttgagaaaacggccattgatcttt 
ttacactactatcatcatgcagcagtgttaatctacactgtccattctggtgccgagcat 
actgcagctggtcgtttctacatcctaatgaactacttcgcacattctctcatgtatact 
tactacacagtttctgccatgggatacagattaccgaaatgggtatcaatgactgtcaca 
actgttcaaacaactcaaatgttagctggagtcggaataacttggatggtgtacaaagtg 
aaaactgaatacaagcttccttgtcaacaatccgtagccaatttgtatctcgcattcgtc 
atctatgtcacatttgccattcttttcattcaattcttcgtcaaggcatacattatcaag 
tcgtcgaagaagtcgaaatcggtgaagaacgaataa 



SEQ ID2 

D2024 .3 

atggcaaaatacgactacaatccgaagtatgggttagaaaattacagcatattccttccc 
tttgagacatcttttgatgcatttcgatcgacaacatggatgcaaaatcactggtatcaa 
tcaattacagcatctgtcgtgtatgtagccgtcatttttacaggaaagaaggtggttctc 
atctacaaaaaatcacgagttattacttttgagtctagccttcagaatgcaattaagaat 
cgaaaccgaaaatcacttaatagttctcaaatgtttcagattatggaaaagtacaagccc 
ttccaactggacacaccactcttcgtctggaattcatttttagccattttctcaattctc 
gggttcctccgaatgacacctgaatttgtatggagttggtcagcagaaggaaactcattc 
aaatattcaatttgtcattcatcttatgctcaaggagtcactggtttctggactgaacaa 
ttcgcaatgagcaaacttttcgagctcatcgacacaatcttcatcgttcttcgtaaacgt 
ccactcatcttccttcactggtatcatcatgtaactgttatgatctacacatggcacgcg 
tacaaggatcacactgcatcaggacggtggttcatttggatgaattatggagttcatgct 
cttatgtattcctactatgctcttcgttctctgaaattccgtcttccaaaacaaatggca 
atggttgt tact act ctccaacttgctcaaatggttatgggagtaat cat cggagtcact 
gtctaccgtatcaagtcatcgggtgaatactgccaacagacatgggacaatttgggatta 
tgctttggagtttatttcacatatttccttcttttcgccaacttcttctaccatgcatat 
gttaagaaaaacaaccgtacagtaaattatgaaaataattcaaaaaatttccccgatctc 
gttttaatttacctgagaaaaaaggtttcaagaaaatcgaaaaatcggcaatgttcagaa 
aataattataaaattcaattttcatcaaattttgttaatgttgatggaaaaaaacataag 
aaaacatatgaacttattcttccaagaagaaaaatgaccacaattttaacttttctattt 
ggaaaaaatcgaattttttcgaaatatcagaaaaatcgaaaaaacatttcgattcctgtt 
gatttcgaaattctggagccaaaagaagatatcaatgctaacatcgctgagccatccatc 
acaacgaggtccgccgccgcacgaagaaaagttcaaaaagctgattag 
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SEQ ID3 



F11E6.5 

atggcagcagcacaaacaagtccagcagccacgctcgtcgatgttttgacaaaaccatgg 
agtctggatcagactgattcttacatgtctacatttgtaccattatcctataaaatcatg 
attggttatctcgtcaccatctacttcgggcaaaaattaatggctcacagaaaaccattc 
gatctccaaaatacacttgctctctggaacttcgggttttcactgttctcgggaatcgcc 
gcctataagcttattccagaactattcggagttttcatgaaggacgggtttgtcgcttcc 
tactgtcaaaacgagaactactacaccgatgcatcaactggattctggggctgggccttt 
gtgatgtcgaaagctccagaactaggggatactatgttcttggtccttcgtaaaaaacca 
gttatcttcatgcactggtatcatcatgccctcacatttgtctacgcagtagtcacatac 
tctgagcatcaggcatgggctcgttggtctttggctctcaaccttgccgtccacactgtt 
atgtatttctacttcgccgttcgcgccttgaacatccaaactccacgcccagtggcaaag 
ttcatcactactattcaaattgtccaatttgtcatctcatgctacatttttgggcatttg 
gtattcattaagtctgctgattctgttcctggttgcgctgttagctggaatgtgctatcg 
atcggaggactcatgtacatcagttatttgttcctttttgccaagttcttctacaaggcc 
tacattcaaaaacgctcaccaaccaaaaccagcaagcaggagtag 



SEQ ID4 

F41H10 .7 



atgtcatcggacgatcgtggcactagaaccttcaagatgatggatcaaattcttggaaca 
aacttcacttatgaaggtgccaaagaagttgctcgaggccttgaaggtttctcagcaaag 
cttgccgtcggatatattgccactatttttggactgaaatattatatgaaagaccgaaaa 
gccttcgatctcagtactccattaaacatttggaatggtattctttcgacattcagctta 
ttgggattcttattcacttttcctactttgttatcagttatcagaaaggatggatttagt 
cacacctattcccatgtctctgagctttacactgacagtacctctggatattggatcttc 
ctttgggttatctcaaagattccggaacttttggatacagtattcattgttcttcgcaag 
agaccacttattttcatgcactggtaccatcacgcattgaccggttactatgctcttgtc 
tgctaccatgaggatgctgtccatatggtttgggttgtatggatgaattatattattcat 
gcattcatgtatggatactatcttctgaaatctctgaaagttccaattccaccatcagtt 
gctcaagcaatcaccacatctcaaatggttcaattcgcagttgccattttcgcacaagtt 
catgtttcctataaacactatgttgagggagttgaaggattagcctactcgttcagagga 
acagctatcggatttttcatgcttactacctacttctatctatggattcaattctacaaa 
gagcactatcttaagaatggaggcaaaaagtacaatttggcaaaggatcaggcaaaaact 
caaacaaagaaggctaactaa 



SEQ IDS 



F41H10.8 (ce477) 



atgccacagg gagaagtctc attctttgag gtgctgacaa ctgctccatt 

cagtcatgag ctctcaaaaa agcatattgc acagactcag tatgctgctt 

tctggatctc aatggcatat gttgtcgtta tttttgggct caaggctgtc 

atgacaaacc gaaaaccatt tgatctcacg ggaccactga atctctggaa 

tgcgggtctt gctattttct caactctcgg atcacttgcc actacatttg 

gacttctcca cgagttcttc agccgtggat ttttcgaatc ttacattcac 

atcggagact tttataatgg actttctgga atgttcacat ggcttttcgt 
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tctctcaaaa 
aaaagccatt 
tatgctttta 
atggatgaat 
gttcttttgg 
atgcaaattc 
atatttggca 
ggttctgcct 
tactatcaat 
gaagactgaa 



gttgctgaat 
gatgttcctt 
tgtcatttga 
ttctcagttc 
tgtcaaggtt 
ttcaattcgt 
gttactggac 
tctcatggaa 
catacatcaa 
aagaaaattg 



tcggagatac 
cattggtatc 
agctaatttg 
actcaattat 
ccagcatgga 
tattactcat 
aatctgttga 
atctcttatg 

gggaggtggc 

aataa 



actttttatt 
atcatgtgct 
ggatttaata 
gtatggatat 
ttgccaagaa 
ttcattcttt 
ctcaactcca 
tcgttctgtt 
aagaagttta 



attcttcgta 
tacaatgaat 
cttggattac 
tatatgcttc 
tattacaaca 
tccacgttgg 
ggatattatt 
cggaaacttc 
atgcagagaa 



SEQ ID6 

F56H11 . 3 

atgtatttgaattatttcgcgacggaaatcttccatcgtagtgcggtttgtgaaacagaa 
gcttgtcgctcgtcaaaaataatgattgctgacgtgttcaaatggaaattcgatgcaaac 
gaattgtggagtcttttaacgaatcaggatgaagttttcccgcatattagagcacggcga 
ttcattcaagaacattttggtctattcgtccagatggcaattgcatatgtcattttggtg 
ttctcaatcaaaaggttcatgagggatcgtgaaccatttcaactcaccacagctcttcgt 
ctctggaacttcttcctctccgtcttctcaatttatggttcctggacaatgtttccattt 
atggttcaacaaataagactttatggtctctacggatgtggatgcgaagcactttcaaac 
cttccgagtcaagcagaatattggcttttcctgacgatcttgtccaaagctgtggagttt 
gttgatacatttttcttggttctccggaaaaaaccactcatcttcctacactggtatcat 
catatggcaacatttgtcttcttctgcagtaattacccgactccatcgtcacaatcacgc 
gtcggagttatcgtcaacctgttcgtgcatgccttcatgtacccatactatttcacccga 
tcaatgaacatcaaagttcctgcgaaaatttcaatggctgttacagttcttcaattgact 
caattcatgtgctttatctatggatgtactctcatgtactactcgttggccactaatcag 
gcacgatacccctcaaatacacctgcgacactccaatgtttgtcctacactctacatttg 
ctttga 



SEQ ID7 

F56H11.4 (Ce 166) 

atg gctcagcatc cgctcgttca acggcttctc gatgtcaaat tcgacacgaa 
acgatttgtg gctattgcta ctcatgggcc aaagaatttc cctgacgcaga 
aggtcgcaa gttctttgct gatcactttg atgttactat tcaggcttcaa 
tcctgtacat 

ggtcgttgtg ttcggaacaa aatggttcat gcgtaatcgt caaccattcc 
aattgactat tccactcaac atctggaatttcatcctcgc cgcattttcc 

atcgcaggag ctgtcaaaat gaccccagag ttctttggaa ccattgccaa 
caaaggaatt gtcgatcctactgc aaagtgtttg atttcacgaa aggagagaat 
ggatactgggt gtggctctt catggcttcc aaacttttcg aacttgttga 

caccatcttc ttggttctccgtaaacgtcc actcatgttc cttcactggt 

atcaccatat tctcaccatg atctacgcctggtactctca tccattgacc 

ccaggattca acagatacgg aatttatctt aactttgtcg 

tccacgcctt catgtactct tactacttcc ttcgctcgat gaagattcgc gtgc 
caggattcatcgccca agctatcaca tctcttcaaa tcgttcaatt catcatctc 
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ccaat 



t tgcgccgttctt^Ctcatct tggttatctc atgcacttl 
gccaactgt gatttcgagc catcagtatt caagctcgca 
gttttcatgg acacaacata cttggctctt ttcgtcaact tcttcctcca 
atcatatgtt 

ctccgcggag gaaaagacaa gtacaaggca gtgccaaaga agaagaacaa ctaa 



SEQ ID8 

Y53F4B.C 



atgtcggccg 
gaccatcatc 
catgtcggtg 
agagatatat 
ttttttggca 
tctacgatgc 
gtaaatccac 
gaaaatcgcc 
cggttatatt 
tggcatgctg 
gaactatttg 
tcggctatcg 
actcttcaaa 
gaagcttaat 
gcttcggaat 
aatgcatatt 
a 



aagtgtccga 
tattccccat 
tacttatcag 
ggagtcacgg 
gtgttcagta 
tgttttcaga 
gttcaccgtc 
gagtttgggg 
ccttcactgg 
caatcgaact 
gtgcattcaa 
tcttcccaaa 
tgctcattgg 
ggagagatgt 
ctacgcctca 
tggtaaaaaa 



acgattcaaa 
tcgagtacga 
ctgcttatat 
aaacctaaaa 
ttatgggtac 
agaggcttca 
cgcattctgg 
acacgatgtt 
tatcatcacg 
cacagctcca 
taatgtatac 
atcgtttcaa 
tgtcagcatt 
gccaacaatc 
ttcctggtgc 
ggacaagaaa 



gtttggacag 
ttccacgttg 
tattgcgaca 
cttttactag 
atggagattt 
tcgattcgat 
gcatgcatgt 
cttggtgctg 
ctgttgttct 
ggacgctggt 
atactacgca 
tgactgttac 
tcttgcattg 
ctacgacaat 
tattctccag 
cccgatgtga 



gaaacaatga 
ctcatcgagt 
aatttattac 
catggaacgg 
ggaatcgaat 
ctgcctggct 
tcgctctatc 
aggaaacggc 
gatcctttct 
ttatttttat 
ataacatcaa 
attccttcaa 
tgctttattt 
ctggcgttga 
tttcttcaac 
agaaggatta 



SEQ ID9 

A 

1 MELAEFWNDL NTFT I YGPNH TDMTTKYKYS YHFPGEQVAD PQYWTILFQK 
51 YWYHSITISV LYFILIKVIQ KFMENRKP FT LKYPLILWNG ALAAFSIIAT 
101 LRFSIDPLRS LYAEGFYKTL CYSCNPTDVA AFWSFAFALS KIVELGDTMF 
151 IILRKRPLIF LHYYHHAAVL IYTVHSGAEH TAAGRFYILM NYFAHSLMYT 

2 01 YYTVSAMGYR LPKWVSMTVT TVQTTQMLAG VGITWMVYKV KTEYKLPCQQ 
251 SVANLYLAFV IYVTFAILFI QFFVKAYIIK SSKKSKS VKN E* 



SEQ ID10 



MAKYDYNPKY GLENYSIFLP FETSFDAFRS TTWMQNHWYQ SITASWYVA 
V I FTGKKWL IYKKSRVITF ESSLQNAIKN RNRKSLNSSQ MFQIMEKYKP 
FQL.DTPLFVW NSFLAIFSIL GFLRMTPEFV WSWSAEGNSF KYSICHSSYA 
QGVTGFWTEQ FAMSKLFELI DTIFIVLRKR PL I FLHWYHH VTVMIYTWHA 
YKDHTASGRW FIWMNYGVHA LMYSYYALRS LKFRLPKQMA MWTTLQLAQ 
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251 MVMGVIIGVT VYRIKSSGEY CQQTWDNLGL CFGVYFTYFL LFANFFYHAY 

3 01 VKKNNRTVNY ENNS KNFPDL VLIYLRKKVS RKSKNRQCSE NNYKIQFSSN 
351 FVNVDGKKHK KTYELILPRR KMTTILTFLF GKNRIFSKYQ KNRKNISIPV 

4 01 DFEILEPKED INANIAEPSI TTRSAAARRK VQKAD* 



SEQ ID11 
C 

1 MAAAQTS PAA TLVDVLTKPW SLDQTDSYMS TFVPLSYKIM IGYLVTIYFG 

51 QKLMAHRKPF DLQNTLALWN FGFSLFSGIA AYKLIPELFG VFMKDGFVAS 

101 YCQNENYYTD AS TGFWGWAF VMSKAPELGD TMFLVLRKKP VIFMHWYHHA 

151 LTFVYAWTY SEHQAWARWS LALNLAVHTV MYFYFAVRAL NIQTPRPVAK 

201 FITTIQIVQF VISCYIFGHL VFIKSADSVP GCAVSWNVLS IGGLMYISYL 

251 FLFAKFFYKA YIQKRSPTKT SKOE* 



SEQ ID12 
D 



1 MS SDDRGTRT FKMMDQ I LGT NFTYEGAKEV ARGLEGFSAK LAVGYIATIF 

51 GLKYYMKDRK AFDLSTPLNT WNGILSTFSL LGFLFTFPTL LSVIRKDGFS 

101 HTYSHVSELY TDSTSGYWIF LWVISKIPEL LDTVF I VLRK RPL I FMHWYH 

151 HALTGYYALV CYHEDAVHMV WWWMNYIIH AFMYGYYLLK SLKVPIPPSV 

201 AQAITTSQMV QFAVAI FAQV HVSYKHYVEG VEGLAYS FRG TAIGFFMLTT 

251 YFYLWIQFYK EHYLKNGGKK YNLAKDQAKT Q TKKAN* 



SEQ ID13 



E 



MPQGEVSFFE 
MTNRKPFDLT 
IGDFYNGLSG 
YAFMSFEANL 
MQILQFVITH 
YYQSYIKGGG 



VLTTAPFSHE 
GPLNLWNAGL 
MFTWLFVLSK 
GFNTWITWMN 
FILFHVGYLA 
KKFNAEKKTE 



LSKKHIAQTQ 
AIFSTLGSLA 
VAEFGDTLFI 
FSVHSIMYGY 
VTGQSVDSTP 
KKIE* 



YAAFWI SMAY 
TTFGLLHEFF 
ILRKKPLMFL 
YMLRSFGVKV 
GYYWFCLLME 



VWIFGLKAV 
SRGFFESYIH 
HWYHHVLTMN 
PAWIAKNITT 
I S YWLFGNF 



SEQ ID14 
F 

1 MYLNYFATEI FHRSAVCETE ACRSSKIMIA DVFKWKFDAN ELWSLLTNQD 

51 EVFPHIRARR FIQEHFGLFV QMAIAYVILV F S I KRFMRDR EPFQLTTALR 

101 LWNFFLSVFS IYGSWTMFPF MVQQIRLYGL YGCGCEALSN LPSQAEYWLF 
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151 LTILSKAVEF VDTFFLVLRK KPLIFLHWYH HMATFVFFCS NYPTPSSQSR 
2 01 VGVIVNLFVH AFMYPYYFTR SMNIKVPAKI SMAVTVLQLT QFMCFIYGCT 
2 51 LMYYSLATNQ ARYPSNTPAT LQCLSYTLHL L* - 



SEQ ID15 
G 

MAQHPLVQRL 
SILYMVWFG 
GTIANKGIVA 
LMFLHWYHH I 
KIRVPGFIAQ 
AVFMDTTYLA 



LDVKFDTKRF 
TKWFMRNRQP 
SYCKVFDFTK 
LTMIYAWYSH 
AITSLQIVQF 
LFVNFFLQSY 



VAIATHGPKN 
FQLTTPLNIW 
GENGYWWLF 
PLTPGFNRYG 
IISCAVLAHL 
VLRGGKDKYK 



FPDAEGRKFF 
NFILAAFSIA 
MASKLFELVD 
IYLNFWHAF 
GYLMHFTNAN 
AVPKKKNN* 



ADHFDVTIQA 
GAVKMTPEFF 
TIFLVLRKRP 
MYSYYFLRSM 
CDFEPSVFKL 



SEQ ID16 
H 

MSAE VSERFKVWTGNNET 1 1 YS PFE YDSTLLI ES CRCTYQLL I LLRQ I 
YYRDIWSHGNLKACDXLLLAWNGFLAVFSIMGTWRFGIEFYDAVFRXG 
FIXS I CLAVNPRSPSAFWACMFALSKI AEFGDTMFLVLRKRPVI FLHWYHH 
AWL I LSWHAAI ELTAPGRWF I FMNYLVHS IMYTYYAI TS I GYRXPKI VSMT 
VT F LQT LQML I G VS I S C I VL YLKLNGEMCQQ S YDNLAL S FG I YAS FL VL S S F F 
NNAYL VKKDKKPD VKKD * 
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Claims 

1 . An isolated polypeptide comprising a functional long chain polyunsaturated fatty acid 
(PUFA) elongase as herein defined. 

2. A polypeptide according to claim 1 wherein the polypeptide is from a eukaiyote. 

3. A polypeptide according to claim 1 or claim 2 wherein the polypeptide has at least a 
portion of the amino acid sequence shown in SEQ ID 15, or variants thereof 

4. A polypeptide having at least 60% homology to a polypeptide according to claim 3 and 
having a PUFA elongase function. 

5. A polypeptide according to claim 4 having at least 80% homology. 

6. A polypeptide according to claim 5 having at least 90% homology. 

7. A polypeptide according to any preceding claim wherein the polypeptide sequence 
includes a sequence motif responsible for Endoplasmic Reticulum (ER) - retention. 

8. A polypeptide according to any preceding claim wherein the polypeptide is capable of 
elongating palmitoleic acid (PA; 16:1A 9 ) to vacceric acid (VA; 18: 1A 11 )- 

9. A polypeptide according to any preceding claim wherein the polypeptide is from an 
animal. 



10. A polypeptide according to claim 9 wherein the animal is an invertebrate. 

1 1 . A polypeptide according to claim 1 0 wherein the invertebrate is a worm. 

12. A polypeptide according to claim 1 1 wherein the worm is C elegans. 
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13. A polypeptide according to claim 9 wherein the animal is a vertebrate. 

14. A polypeptide according to claim 13 wherein the vertebrate is a mammal. 

15. A polypeptide according to claim 14 wherein the mammal is a human, rat or mouse. 

16. A DNA sequence encoding a polypeptide according to any preceding claim. 

17. A DNA sequence according to claim 16 wherein the DNA comprises the sequence 
shown in SEQ ID 7 or variants of that sequence due to base substitutions, deletions 
and/or additions. 

18. An engineered organism engineered to express a polypeptide according to any one of 
claims 1 to 15. 

19. An engineered organism according to claim 18 wherein the animal is a mammal. 

20. An engineered organism according to claim 19 wherein the mammal is a rat, mouse or 
monkey. 

21. An engineered organism containing a synthetic pathway for the production of a 
polypeptide according to any one of claims 1 to 15. 

22. An engineered organism according to claim 21 wherein the pathway includes A 5 -fatty 
acid desaturase. 

23. An engineered organism according to claim 21 or 22 wherein the pathway includes 
A 6 -fatty acid desaturase. 

24. An engineered organism according to any one of claims 21 to 23 wherein the animal is 
a lower eukaryote. 
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25. An engineered organism according to claim 24 wherein the lower eukaryote is a yeast. 

26. An engineered organism according to claim 18 wherein the animal is a fish. 

27. A transgenic plant engineered to express a polypeptide according to any one of claims 1 
to 15. 

28. A transgenic plant containing a DNA sequence according to claim 16 or 17. 

29. A method of producing a PUFA comprising carrying out an elongase reaction catalysed 
by a polypeptide according to any one of claims 1 to 15. 

30. A method according to claim 29 wherein the PUFA is di-homo-gamma-linoleic acid 
(20:3A 8 * 1M4 ), arachidonic acid (20:4a 5 ' 8 * 1 u4 ), eicosapentanoic acid (20;5A 5 * 8 ' IU4J7 ), 
docosatrienoic acid (22:3A 3,16,19 ), docosatetraenoic acid (22:4A 7,I0,U I6 ), docosapentaenoic 
acid (22:5A 710J3 l6J9 ) or docosahexaenoic acid (22:6A 4 ' 7J0J3 I6J9 ). 

31. A method according to claim 29 wherein the PUFA is a 24 carbon fatty acid with at least 
4 double bonds. 

32. A PUFA produced by a method according to any one of claims 29 to 3 1 . 

33. A foodstuff comprising a PUFA according to claim 32. 

34. A dietary supplement comprising a PUFA according to claim 32. 

35. A pharmaceutical composition comprising a polypeptide according to any one of claims 



1 to 15. 



36. A pharmaceutical composition comprising a PUFA according to claim 32. 
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37. A pharmaceutical composition according to claim 35 or claim 36 wherein the 
composition comprises a pharmaceutically-acceptable diluent, carrier, excipient or 
extender. 



38. A method of elevating the PUFA levels of an animal or a plant by supplying to the 
animal or plant a polypeptide according to any of claims 1 to 15, a DNA sequence 
according to claim 16 or claim 17, a foodstuff according to claim 33, a dietary 
supplement according to claim 34, a pharmaceutical composition according to any of 
claims 35 to 37 or a PUFA according to claim 32. 



39. A method of treatment according to claim 38 wherein the animal is a mammal. 



40. A method of treatment according to claim 39 wherein the mammal is a human. 
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POLYSATURATED FATTY ACID (PUFA) ELONGASE FROM CAENORHABDITIS ELEGANS 

The present invention relates to polyunsaturated fatty acid (PUFA) elongases. More 
specifically, the invention relates to a DNA sequence from C. elegans encoding a PUFA 
elongase. 

Unsaturated fatty acids are essential components required for normal cellular function, being 
involved in a diverse number of roles ranging from membrane fluidity to acting as signal 
molecules (Gill, I., Valivety, R. (1997). Trends Biotechnol. 15, 401-409; Broun, P., et al 
(1999) Ann. Rev. Nutr. 19, 197-216). In particular, the class of fatty acids known as the 
polyunsaturated fatty acids (PUFAs) has attracted considerable interest as pharmaceutical 
and nutraceutical compounds (Broun supra; Horrobin, D. F. (1990) Reviews in Contemp 
Pharmacotherpy 1, 1-45). 

The synthesis of PUFAs i.e. fatty acids of 18 carbons or more in length and containing two 
or more double bonds, is thought to be catalyzed in a variety of organisms by a specific fatty 
acid elongase enzyme. This elongase is responsible for the addition of 2 carbon units to an 
18 carbon PUFA, resulting in a 20 carbon fatty acid. An example of this reaction is the 
elongation of ylinolenic acid (GLA; 18:3A 6 - 912 ) to di-homo-y-linolenic acid (DHGLA; 
20:3 A 8,1U4 ) in which thetri-unsaturated 18 carbon fatty acid is elongated by the addition of a 
two carbon unit to yield the tri-unsaturated 20 carbon fatty acid. Since there is considerable 
interest in the production of long chain PUFAs of more than 18 carbons in chain length, for 
example arachidonic acid and eicosapentanoic acid, the identification of this enzyme is of 
both academic and commercial interest. 

At present, there are no examples of identified cloned genes encoding PUFA elongases, 
though a number of genes encoding enzymes likely to be involved in other aspects of lipid 
synthesis have been identified. For example, an Arabidopsis gene (FAE1) has been shown 
to be required for the synthesis of very long chain monounsaturated fatty acids (such as 
erucic acid; 20:1A U ) (James, D. W. et al 9 (1995) Plant Cell 7, 309-319). However, it is clear 
that this enzyme does not recognize di- and tri-unsaturated 18 carbon fatty acids, for 
example, linoleic acid, 18:2A 9,12 or oc-linolenic acid, 18:3A 9 - I2J5 respectively, as substrates, 
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and is therefore not involved in the synthesis of long chain PUFAs (Millar & Kunst (1997), 
Plant Journal 12, 121-131). This in itself is not surprising, since, of the plant kingdom, only 
a very few lower plant species, such as the moss Physcomicotrella patens (Girke et al., 
(1998), Plant J t 15: 39-48); are capable of synthesising long chain PUFAs, and therefore 
Arabidopsis would not be expected to contain any such enzymes (Napier et al (1997), 
Biochem J, 328: 717-720; Napier et al., (1999) Trends in Plant Sci 4, 2-5). 

A schematic diagram representing a generalized pathway for the product of PUFAs is 
shown in Figure 1. Biochemical characterisation of mammalian elongation systems (most 
notably from liver microsomes) has indicated that a mammalian elongase consists of four 
subunits, made up of a condensing enzyme, a p-ketoreductase, a dehydrase and an enoyl 
reductase (reviewed in Cinti, D. L., et al (1992) Prog. Lipid Res. 31, 1-51). The 
Arabidopsis FAE1 gene product encodes a polypeptide of 56kDa, which shows very 
limited homology to condensing enzymes such as chalcone synthase and stillbene synthase 
(James, D. W. supra). Although FAE1 is normally only expressed in seed tissues, ectopic 
expression in non-seed tissue (or heterologously in yeast) revealed that FAE1 could direct 
the synthesis of erucic acid (Millar, A. A., Kunst, L. (1997) Plant J. 12, 121-131). 

Three fatty acid elongase activities have been characterised from the yeast S. cerevisiae. 
Again, this organism does not synthesis PUFAs, and therefore does not contain genes 
encoding a PUFA elongase. One gene ELOl, was identified on the basis of a screen to 
isolate mutants defective in elongation of 14 carbon (i.e. medium) chain saturated fatty 
acids (Toke & Martin (1996) J Biol Chem 271, 18413-18422). Complementation of elol 
mutants restored viability, and the ELOl gene product was shown to encode a polypeptide 
which was responsible for the specific elongation of 14:0 fatty acids to 16:0 fatty acids. 

Two related genes were also detected in the genome of S. cerevisiae, and their function 
determined by disruption. These two genes, subsequently named EL02 and EL03, were 
shown to be involved in the elongation of the very long chain saturated fatty acids found in 
sphingolipid molecules (Oh et al (1997), J. Biol Chem 272, 17376-17384). In particular, 
EL02 was required for elongation of fatty acids up to 24 carbons, and EL03 was required 
for elongation of the 24 carbon fatty acid to 26 carbons. However, neither gene was 
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essential for viability. Examination of the these three fatty acid eiongases revealed the 
presence of a conserved "histidine box' 1 motif (Shanklin et aL> (1994), Biochemistry, 33, 
12787-12794) (His-X-X-His-His, where X is any amino acid) towards the centre of the 
polypeptide sequences. Importantly, there was no detectable homology between the yeast 
eiongases (ELOl,2,3) and the plant very long chain mono-unsaturated fatty acid elongase 
(FAE1) (Oh et al, supra). 

In order to identify genes encoding PUFA eiongases, it is necessary to study systems in 
which the synthesis of PUFAs is well documented; a good example of this is the model 
animal system C. elegans, a small free-living worm (Tanaka et al. 9 (1996), Lipids 31, 
1173-1178). C elegans, like most other animals, and in contrast to higher plants, 
synthesises PUFAs such as arachidonic acid (AA; 20:4 a 5,81114 ) as precursors to a class of 
molecules known as the eicosanoids, which in turn serve as precursors for compounds such 
as prostaglandins and leucotrienes (Horrobin, (1990), Reviews in Contemp Pharmacotherpy, 
1:1-45). The presence of AA and other long chain polyunsaturated fatty acids in C. elegans 
is well documented (Tanaka et ai, (1996), Lipids 31, 1 173-1 178). The complete sequence 
of the nematode's genome is now publicly available (The C. elegans consortium, 1998, 
Science 282, 2012-201 8: Database at 

http://wyw.sangerMCMk/Projects/C_elgansMast_server.shtml). . 

An object of the invention is to provide an isolated PUFA elongase. 

Using the above-mentioned C. elegans genomic sequence, together with suitable search 
strings, the inventors identified eight related putative open reading frames (ORFs) encoding 
for PUFA eiongases. A number of different search criteria were applied to identify a 
number of (ORFs) which were likely to encode polypeptides with fatty acid elongase 
activities. These ORFs were then subject to functional characterisation by heterologous 
expression in yeast, allowing the identification of a PUFA elongase. 

Accordingly, a first aspect of the invention provides an isolated polypeptide comprising a 
functional long chain polyunsaturated fatty acid (PUFA) elongase i.e. the polypeptide has 
the function of extending the chain length of an 18 carbon PUFA to 20 carbons in length. 
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This polypeptide can be used to elevate PUFA levels in animals, thereby providing a ready 
source of PUFAs. 

The polypeptide may be from a eukaryote. 

The polypeptide may comprise at least a portion of the amino acid shown in SEQ ID. 15, or 
variants thereof. 

For the purposes of the present application, the term "variant" in relation to a certain 
sequence means a protein or polypeptide which is derived from the sequence through the 
insertion or deletion of one or more amino acid residues or the substitution of one or more 
animo acid residues with amino acid residues having similar properties, e.g. the replacement 
of a polar amino acid residue with another polar amino acid residue, or the replacement of a 
non-polar amino acid residue with another non-polar amino acid residue. In all cases, 
variants must have an elongase function as defined herein. 

A second aspect of the invention provides a polypeptide having at least 60 % homology to a 
polypeptide according to a first aspect of the invention. The polypeptide may have at least 
80%, or as much as 90% or more homology to a polypeptide according to a first aspect of 
the invention. 

The polypeptide according to either aspect of the invention may include a sequence motif 
responsible for Endoplasmic Reticulum (ER) - retention. This allows the polypeptide to be 
specifically located or targeted to the ER of a cell. 

The polypeptide may also be able to elongate palmitoleic acid (PA; 16:1 A 9 ) to vacceric acid 
(VA; 18:1 A 11 )- Thus, the polypeptide is also capable of elongation of a A 9 - monounsaturated 
16C fatty acid. 

Preferably, the polypeptide is from an animal, more preferably, the animal is an invertebrate 
such as a worm. Where the animal is a worm, it is preferably C. elegans. Alternatively, the 
animal is a vertebrate, preferably a mammal such as a human, rat or mouse. 
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A third aspect of the invention provides an isolated DNA sequence, preferably a cDNA 
sequence, encoding a polypeptide according to a first or second aspect of the invention. 
This DNA sequence may be used to engineer transgenic organisms. 

Preferably, the DNA sequence comprises the sequence shown in SEQ ID NO: 7 or variants 
of that sequence due, for example, to base substitutions, deletions, and/or additions. 

A fourth aspect of the invention provides an engineered organism, such as a transgenic 
animal, engineered to express a polypeptide according to a first or second aspect of the 
invention. The engineered organism may be engineered to express elevated levels of the 
polypeptide, thereby providing a supply of polypeptide at a reduced cost as a reduced 
number of organisms need be used. 

Preferably, the engineered organism is a mammal such as a rat, mouse or monkey. 

A fifth aspect of the invention provides an engineered organism containing a synthetic 
pathway for the production of a polypeptide according to a first or second aspect of the 
invention. This has the advantage of allowing greater control over the production of PUFAs 
by the pathway by an organism. 

The pathway may include A 5 -fatty acid desaturase, and/or A 6 -fatty acid desaturase. 

The engineered organism according to a fourth or fifth aspect of the invention may be a 
lower eukaryote, such as yeast. Alternatively, the transgenic organism may be a fish. 

A sixth aspect of the invention provides a transgenic plant engineered to express a 
polypeptide according to a first aspect of the invention. 

A seventh aspect of the invention provides a transgenic plant containing a DNA sequence 
according to a third aspect of the invention. 
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An eighth aspect of the invention provides a method of producing a PUFA comprising 
carrying out an elongase reaction catalysed by a polypeptide according to a first or second 
aspect of the invention. 

The PUFA may be di-homo-gamma-linoleic acid (20:3A MU4 ), arachidonic acid 
(20:4A 5 ' 8 * IU4 ), eicosapentanoic acid (20:5A 5A11J4J7 ), docosatrienoic acid (22:3A 3J6J9 ), 
docosatetraenoic acid (22:4A 7a(U3J6 ), docosapentaenoic acid (22:5A 7J0J3 * 1619 ) or 
docosahexaenoic acid (22:6A 4 ' 7J0J31619 ). 

The PUFA may be a 24 carbon fatty acid with at least 4 double bonds. 

A ninth aspect of the invention provides a PUFA produced by a method according to an 
eighth aspect of the invention. 

The PUFA may be used in foodstuffs, dietary supplements or pharmaceutical compositions. 

A tenth aspect of the invention provides a foodstuff comprising a PUFA according to a fifth 
aspect of the invention. The foodstuff can be fed to an animal. 

An eleventh aspect of the invention provides a dietary supplement comprising a PUFA 
according to a fifth aspect of the invention. The dietary supplement can be supplied to an 
animal to augment its PUFA levels. 

An twelfth aspect of the invention provides a pharmaceutical composition comprising a 
polypeptide according to a first or second aspect of the invention or a PUFA according to a 
ninth aspect of the invention. 

Preferably, the pharmaceutical composition comprises a pharmaceutical ly-accep table 
diluent, carrier, excipient or extender. This allows the composition to be supplied in a form 
which best suits the pharmaceutical application in question. For example, a topical 
application would preferably be a cream or lotion, whereas if the composition was to be 
ingested a different form would be more suitable. 
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A thirteenth aspect of the invention provides a method of treatment of an animal, such as a 
mammal, or a plant, comprising supplying to the animal or plant a DNA sequence according 
to a third aspect of the invention, a foodstuff according to a tenth aspect of the invention, a 
dietary supplement according to an eleventh aspect of the invention, a pharmaceutical 
composition according to a twelfth aspect of the invention or a PUFA according to a ninth 
aspect of the invention. 

Preferably, the mammal is a human. 

The invention will now be further described, by way of example only, with reference to SEQ 
DDI to 16, and Figures 2 to 1 1, in which; 

SEQ ID 1 to 8 show the putative ORFs encoding PUFA elongases A to H respectively; and 

SEQ ID9 to 16 show the deduced amino acid sequences of the putative ORFs of SEQ ID 
NO: 1 to 8 respectively; and 

Figures 2 to 9 show hydrophobicity plots for each of PUFA elongases A to H respectively. 

Figure 10 shows an amino acid sequence line-up comparing the C elegans ORF F56H1 1.4 
(Z68749) with related sequences. 

Figure 1 1 shows chromatograms of fatty acid methyl esters from transformed yeast. 
Introduction to general strategy 

Initially the C elegans databases were searched for any sequences which showed low levels 
of homology to yeast ELO genes (EL02 and EL03) using the TBLASTN programme. A 
similar search was carried out using short (20 to 50 amino acid) stretches of ELO genes 
which were conserved amongst the three ELO polypeptide sequences. C elegans sequences 
which were identified by this method were then used themselves as search probes, to 
identify any related C. elegans genes which the initial search with the yeast sequences failed 
to identify. This was necessary because the level of homology between the yeast ELO genes 
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and any worm genes is always low (see BLAST scores later). To allow for a more sensitive 
search of worm sequences, a novel approach was adopted to circumvent the major drawback 
with searches using the BLAST programmes, namely that the search string (i.e. the input 
search motif) must be longer than 15 characters for the algorithm to work. Thus, if it was 
desired to search for a short motif (like a histidine box), then the BLAST programme would 
not be capable of doing this. A complete list of all the predicted ORFs present in the G 
elegans genome exists as a database called Wormpep, which is freely available from the 
Sanger WWW site (http://www.sanger.ac.ubTroj^^ 

The latest version of Wormpep was down loaded to the hard disc of a Pentium PC, and 
re-formatted as a Microsoft Word6 document, resulting in a document of about 3,500 pages. 
This was then searched using the "Search & Replace" function of Word6, which also allows 
for the introduction of ct wildcard" characters into the search motif. So, for example, it is 
possible to search both for the short text string HPGG, which would identify any predicted 
worm ORF present in the Wormpep 3,500 page document containing this motif, or 
alternatively search with HPGX (where X is a wild card character). Clearly, such (manual) 
searches of a 3,500 page document are extremely time-consuming and demanding, also 
requiring visual inspection of each and every identified ORF. For example, searching with a 
motif such as HXXHH identifies in excess of 300 different ORFs. However, by using a 
number of different short search strings (as outlined below), and combining these with other 
methods for identifying putative elongase enzymes, a number of candidate ORFs have been 
identified. 

Database search using the FAE1 polypeptide sequence 

As a negative control, to demonstrate that the FAE1 gene sequence was unlikely to provide a 
useful search sequence in the identification of C.elegans sequences encoding for PUFA 
elongases, the GenBank databases (http://www.ncbi.nlm.nih. govAVeb/Search/index.html) 
were searched using the Arabidopis FAE1 polypeptide sequence to identify related genes or 
expressed sequence transcripts (ESTs). GenBank is the NIH genetic sequence database, an 
annotated collection of all publicly available DNA sequences (Nucleic Acid Research (1998) 
26, 1-7). There are approximately 2,162,000,000 bases in 3,044,000 sequence records as of 
December 1998. The search was carried out using the BLAST2 (Basic Local Alignment 
Search Tool) algorithm (Altschul et at., (1990) J Mol Biol 215,403,410) Although a number 
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of plant ORFs and ESTs were reported as being related, no animal sequences were identified 
by this search, confirming the observation that FAE1 was unlikely to be a suitable candidate 
as a search template for PUFA elongases. 

Database search using yeast ELO sequences 

Using the three yeast fatty acid elongase sequences (ELO 1 5 2, 3) as probes, a number of 
putative ORFs in the DNA of C. elegans-derived cosmid sequences which form the C. 
elegans genomic sequence database were identified. Moreover, an extensive and 
time-consuming search of a downloaded copy of the WormPep database 
(ftp://ftp.sanger.ac.uk./pub/databases/wormpep) using manual search strings in MSWord 6, 
identified a number of C. elegans ORFs which contained presumptive histidine boxes. 
Wormpep contains predicted proteins from the Caenorhabditis elegans genome sequence 
project, which is carried out jointly by the Sanger Centre in Cambridge, UK and Genome 
Sequencing Center in St. Louis, USA. The current Wormpep database, Wormpep 16, 
contains 16,332 protein sequences (7,120,115 residues). Search strings used included 
[HXXHH], [HXXXHH], [QXXHH] and [YHH]. Comparison of the data from the two 
different searches indicated a small (<10) number of putative ORFs as candidate elongases. 
The histidine box motifs are shown in bold in SEQ ID 9 to 16. 

Hydrophobicity plot analysis 

Since the fatty acid elongase reaction is predicted to be carried out on the cytosolic face of 
the endomembrane system (Toke & Martin (1996), supra; Oh et al (1997), supra), the 
putative C. elegans ORFs were examined for potential membrane spanning domains, via 
Kyte & Doolittle hydrophobicity plots (J. Mol Biol, (1982), 157, 105-132). This revealed a 
number of ORFs with possible membrane-spanning domains, and also indicated a degree of 
similarity in the secondary-structure of a number of identified ORFs. 

Screening for ER-retention signal sequences 

The inventors postulated that since fatty acid elongases are expected to be endoplasmic 
reticulum (ER) membrane proteins, they might be expected to have peptide signals which 
are responsible for "ER-retention". In the case of ER membrane proteins, this signal often 
takes the form of a C-terminal motif [K-K-X 2 . 3 -Stop], or similar variants thereof (Jackson et 
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aL, (1990), EMBOJ., 9, 3153-3162). Further sequence analysis of the C. elegans putative 
elongases revealed that 4 ORFs (F41H10.7, F41H10.8, F56H11.4, Y53F4B.C) had 
C-terminal motifs that exactly matched this search pattern, and that a further 2 ORFs 
(F11E6.5, C40H1.4) had related sequences. These sequence motifs are underlined in SEQ 
ID 9 to 13, 15 and 16. 

Chromosome mapping 

Since the inventors had previously observed that C.elegans genes involved in the synthesis 
of PUFA may exist in tandem (for example the A5 and A6 desaturases required for AA and 
GLA synthesis, respectively, are < 1 kB apart on chromosome IV (Michaelson et aL, (1998), 
FEBS Letts 439, 215-218), the positions of the putative C. elegans elongase ORFs were 
determined using the Sanger Centre's Web Ace C. elegans server 
(http://www.sanger.ac.uk/Proje^ This indicated that 

two pairs of putative elongases were in close proximity to each other on the C. elegans 
chromosome IV. 

F41H10.7 and F41H10.8 were identified as being approximately 10 Kb apart on 
chromosome IV, and F56H1 1.3 and F56H1 1.4 were identified as being approximately 2 Kb 
apart on chromosome IV. 

Putative C elegans fatty acid elongases 

The positions of the putative ORFs in the C. elegans genome are shown below i.e. 
chromosome number, and map position in centiMorgans, together with the GenBank 
database accession numbers. 

The designations used employ the same method as used on the Sanger Centre's C. elegans 
database, i.e. ORF C40H1.4 is predicted coding sequence 4 on cosmid C40H1. 

Elongase Cosmid Sanger ID GenBank Acc Chromosome 

Code 

A C40H1.4 Z19154 m 
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B D2024.3 U41011 IV, 7.68 

C F11E6.5 Z81058 IV, 18.8 

D F41H10.7* U61954 IV, 29.8 

E F41H10.8* U61954 IV, 29.8 

F F56H11.3" Z68749 IV, 2.5 

G F56H11.4* Z68749 IV, 2.5 

H Y53F4B.C Z92860 E 



* or* indicates genes in tandem 

Comparison of C. elegans putative elongase ORFs with yeast genes: 

Each of the three yeast ELO polypeptides were compared against all of the worm putative 
elongase translated ORF sequences, and then ranked in order of similarity (as measured by 
the BLAST score) (Altschul et al (1990), supra) 

The results are shown below, with the ORF sequences ranked from most similar to least 
similar, and the BLAST scores are shown in brackets: 

Yeast ELOl ( 1 4 to 1 6 carbon fatty acid elongase) 

G (262) > E (241) > D (225) > C (219) > A (216) > F (215) > H (197) > B (172) 

Yeast ELQ2 (24 carbon sphingolipid elongase) 



E (231) > C (226) > G (189) > A (181) >F (166) > D (150) > H (141) > B (140) 
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Yeast ELQ3 



(24 to 26 sphingolipid elongase) 



D (171) > G(163) > F (154) > A (152) > E (150) > C (131) > B (132) > H (128) 

It is clear from the numeric values of the BLAST scores that the sequences are related, but 
the levels of homology are low. For comparison, the BLAST score for homology between 
two related worm proteins, the A5 and the A6 desaturase is in excess of 500. 

Analysis of potential sphingolipid ancestry 

Previously, the inventors had noted the similarities between the fatty acid A6 desaturase and 
sphingolipid desaturases in plants, and that the two distinct enzymes could have arisen from 
one ancestral gene. Moreover, it was considered likely that the sphingolipid desaturase 
predated the fatty acid desaturase, and may in fact have been the ancesteral progenitor. 
Therefore it is plausible that the next step in the arachidonic acid biosynthetic pathway has 
also evolved from the sphingolipid metabolic pathway. It is therefore considered highly 
significant that some of the C elegans ORF putative elongases have similarity to 
sphingolipid enzymes. For this reason, these ORFs are considered to be very clear 
candidates for PUFA elongases. It has previously been considered that the C. elegans A5 
and A6 fatty acid desaturases have evolved from 1 ancestral gene (Michaelson et aL, (1998), 
FEES Letts 439, 215-218). It is also significant that one pair of C elegans putative 
elongase ORFs (F & G) genetically maps close to the A5/A6 fatty acid desaturase genes, 
with both gene pairs being located at the top end of chromosome IV. 

Cosmid Sanger ID GenBank Acc Chromosome Encoded Peptide 



Code 



W08D2.4 



Z70271 



IV, 3.06 



A6 fatty acid desaturase 



T13F2.1 



Z81122 



IV, 3.06 



A5 fatty acid desaturase 
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Cloning of Desaturase and Elongase Genes in Yeast Expression Vectors 

Putative elongases sequences F56H11.4 and F41H10.8 were cloned by PCR into the 
pYES2 vector (Invitrogen). A C. elegans mixed stage cDNA library was used as a PCR 
template. F56H1 1 .4 was amplified using primers: 

56hll4.for 5 '-GC GGGTACC A TGGCTCAGC ATCCGCTC-3 ' and; 

56hl 14.rev 5 ' -GCGGGATCCTT AGTTGTTCTTCTTCTT-3 5 . 

F41H10.8 was amplified using primers: 

41 hi 08. for 5 '-GCGGGTACC ATGCC AC AGGGAG AAGTC-3 ' and; 
4 1 h 1 08 .rev 5 ' -GC GGGATCCT T ATTCAATTTTTCTTTT-3 ' . 

Amplified sequences were then restricted using Kpnl and BamHI (underlined in the 
forward and reverse primers, respectively), purified using the Qiagen PCR purification kit, 
and ligated into a KpnI/BamHI cut pYes2 vector. 

An ORF encoding the Mortierella alpina A 5 -fatty acid desaturase (Michaelson, L. V., et al 
(1998) J. Biol Chem. 273, 19055-19059) was amplified using primers: 

MadS.for 5 '-GCGAATTCACCATGGGTACGGACCAAGGA-3 ' and; 

Mad5 .rev 5 '-GC GGAGCTCC TACTCTTCCTTGGGACG-3*. 

and restricted using EcoRI and Sad, gel purified as described and ligated into a EcoRUSacl 
cut pESC-TRP vector (Stratagene) to generate pESC/A 5 . 

An ORF encoding the borage A 6 - fatty acid desaturase (Sayanova, 0. 5 et al (1997) Proc. 
Natl Acad. Sci USA 94, 4211-4216) was restricted from pGEM3 using BamYLl and Xhol 
and ligated into a BamKUXhol cut pESC-TRP vector to generate pESC/A 6 . 
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A double construct was also generated by ligating the BarriRVXhol borage A 6 insert into the 
pESC/A 5 construct described previously, generating pESC/(A 5 ,A 6 ). 

Functional Characterisation in Yeast 

Elongases and desaturase constructs were introduced in Saccharomyces cerevisiae 
W303-1A using a lithium acetate based method (Elble, R. (1992) Biotechniques 13, 18-20) 
and expression of the transgenes was induced by addition of galactose to 2% (w/v) as 
described in Napier et al (Napier, J. A., et al (1998) Biochem J 330, 61 1-614; Michaelson 
L. V., supra; Michaelson, L. V., (1998) FEBS Letts 439, 215-218). Yeast transformants 
containing pYES2-derived constructs were grown on synthetic minimal media (SD, the 
composition of which is defined in Sherman, F (1991) Methods in Enzymology 194, 3-21); 
synthetic minimal medium minus uracil; pESC-derived constructs were grown on SD 
minimal medium minus tryptophan. Co-transformed yeast (containing both pYES2 and 
pESC derivatives) were grown on SD minimal medium minus uracil and tryptophan. Prior 
to induction, cultures were grown in the presence of 2% raffinose and supplemented with 
0.5 mM of the appropriate fatty acid substrate in the presence of 1% tergitol-(NP40) 
(Sigma). All cultures were then grown for a further 48-h unless indicated. 

Fatty Acid Analysis 

To identify the elongation reaction responsible for the synthesis of di-homo-y-linolenic acid 
(DHGLA; 20:3A 8J1J4 ) from GLA, this latter fatty acid was supplied as the (exogenous) 
substrate. 

Lipids were extracted from transformed and control yeast by homogenisation in 
MeOH-CHCl 3 using a modification of the method of Bligh and Dyer (Dickenson & Lester 
(1999) Biochim Biophys Acta 1426, 347-357). The resulting CHC1 3 phase was evaporated 
to dryness under nitrogen gas and the samples were transmethylated with 1M HC1 in 
methanol at 80 °C for 1 hour. Fatty acid methyl esters (FAMES) were extracted in hexane 
and purified using a small column packed with Florisil. Analysis of FAMES was 
conducted using a Hewlett Packard 5880A Series Gas Chromatograph equipped with a 
25M x 0.32mm RSL-500BP bonded capilliary column and a flame ionisation detector. 
Fatty acids were identified by comparison of retention times with FAME standards (Sigma) 
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separated on the same GC. Quantitation was carried out using peak height area integrals 
expressed as a total of all integrals (Bligh, E.G. & Dyer, WJ. (1959) Can. J. Biochem. 
Physiol. 37,911-917). 

Total fatty acids extracted from yeast cultures were analysed by gas chromatography (GC) 
of methyl ester derivatives. Lipids were extracted, transmethylated and the fatty acid 
methyl esters (FAMEs) analysed as described by Sayanova et ah 

Figure 1 1 shows chromatograms of fatty acid methyl esters from yeast transformed with the 
control (empty) plasmid pYES2 (Fig. 11 A) or with ORF F56H11.4 in pYES2 (Fig. 11B). 
Exogenous substrate in the form of GLA was supplied to the cultures. Two novel peaks 
are observed in (B); these peaks (annotated as 20:3 and 18:1*) were identified (against 
known standards) as DHGLA and vaccenic acid, respectively. Detection was by flame 
ionisation. 

One cDNA ORF tested in this manner displayed a high level of elongase activity on the 
GLA substrate, converting 44% to DHGLA. The identity of this elongation product was 
confirmed as DHGLA by comparison with a known standard (the standards used were 
known standards for either DHGLA, AA, EPA or VA from Sigma Chemicals, Ltd.), using 
GCMS analysis using a Kratos MS 8 ORF A (Napier, J. A., supra; Michaelson, L. V., supra; 
Michaelson, L. V., supra). The deduced amino acid sequence of the functional elongase 
clone identified it as being encoded by the C. elegans gene F56H1 1 .4, and comparison with 
the yeast ELO genes showed low homology confined to a few short amino acid motifs (see 
Fig. 10). Some similarity with a mouse gene Cig30 (Tvrdik, P., (1997) J. Biol. Chem. 272, 
31738-31746), which has been implicated in the recruitment of brown adipose tissue in 
liver tissue, was also observed, as well as a potential human homologue encoded by a gene 
located on chromosome 4q25, BAC 207d4. The most closely related C elegans ORFs, 
F41H10.8 (U61954) and F56H1 1.3 (Z68749) are also shown, as is part of a related human 
gene present on chromosome IV (present on BAC clone B207d4; AC004050). The 
GenBank accession numbers are given for all sequences. 

The range of fatty acids synthesised by C. elegans can potentially require a number of 
different elongation reactions (Tanaka, T., (1996) Lipids 31, 1173-1178). The 
substrate-specificity of the F56H11.4 PUFA elongase was therefore determined using a 



WO 00/055330 PCT/GBOO/01035 

16 

range of exogenously supplied fatty acids. This revealed that GLA is the major substrate, 
with a number of other fatty acids being elongated at a lower efficiency (see Table 1). 
Although most of these substrates are polyunsaturated fatty acids, it was unexpectedly 
observed that palmitoleoic acid (PA; 16:1 A 9 ) was also elongated by F56H11.4 to yield 
vaccenic acid (VA; 18:1 A 11 ). The biosynthetic pathway for VA is unclear, but the data 
indicate that it may be synthesised by elongation of A 9 -monounsaturated 16C fatty acid. 

The C. elegans PUFA elongase ORF F56H1 1.4 maps to the top of chromosome IV (at 4.32 
cM) with a related sequence (F56H11.3; 51 % similarity) located l,824bp downstream. 
Another C elegans gene (F41H10.8) was also observed, which is present on chromosome 
IV, and which shows a slightly higher level (53%) of similarity to the PUFA elongase than 
F56H11.3 (see Fig. 10). However, when a PCR product encoding ORF F41H10.8 was 
expressed in yeast in a manner identical to that used for F56H11.4, the former failed to 
direct the elongation of any fatty acids, despite the provision of a range of substrates (see 
Table II). 

In order to reconstitute the PUFA biosynthetic pathway in a heterologous system, the 
PUFA elongase F56H11.4 was expressed in yeast in conjunction with either the A 6 - or 
A 5 -fatty acid desaturases previously isolated and characterised by the inventor (Napier, J. 
A., supra; Michaelson, L. V., supra). Expression of the A 6 -fatty acid desaturase and 
F56H11.4 was carried out in the presence of two different substrates (LA or ALA) while 
the A 5 -fatty acid desaturase and the elongase were expressed in the presence of GLA only. 
This demonstrated that was possible to combine a desaturase and an elongase in yeast to 
generate significant amounts of a final "product" (see Table HI). In the case of the 
elongase and the A 6 -fatty acid desaturase, the reactions proved highly efficient with the 
production of 4.5% of DHGLA from the LA substrate. This resulted from 25% 
desaturation of the LA substrate to GLA, which was then elongated to DHGLA at a similar 
level of efficiency (18%). This is lower than the % conversion observed for GLA when 
supplied exogenously (see Table I), indicating that the in vivo production of substrates for 
elongation may be rate-limiting. 
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If ALA was used as a substrate, 27% of this was initially A 6 -desaturated to yield 
octadecatetraenoic acid (OTA; 18:4 A 6,9 - 12,15 ) but only 8% of was subsequently elongated to 
yield eicosatetraenoic acid (20:4 A 8,11 * 14 - 17 ). Thus, the conversion efficiency of ALA to the 
final 20-carbon tetraenoic PUFA was only about 2.2%. 

Since DHGLA is an n-6 fatty acid, whilst the OTA-derived eicostetraenoic acid is an n-3 
type, this demonstrates that the elongase is capable of accepting both forms of essential 
fatty acid, albeit with different efficiencies. Verification was also provided that the 20C 
PUFAs synthesised in the yeast expression system were generated by the A 6 -desaturation of 
18C substrates which were subsequently elongated, as the A 6 -desaturase showed no activity 
on 20:2 or 20:3 substrates (see Table IE). 

The combination of the A 5 -desaturase and the elongase also demonstrated that these two 
enzymes could work in tandem, although the efficiency of this overall conversion was 
lower (3.3% AA from GLA) which was due to the previously observed low activity of the 
A 5 -desaturase enzyme itself (Michaelson, L. V., supra; Michaelson, L. V., supra). Thus, 
although nearly 45% of the GLA substrate was elongated to DHGLA, only 7.5% of this 
was then desaturated to AA (see Table III). 

Finally, the production of either AA or eicosapentanoic acid (EPA; 20:5 A 5,8,11,14,17 ) in yeast 
from dienoic or trienoic 18 carbon substrates was achieved via expression of all three 
enzymes (the two desaturases and the F56H11.4 PUFA elongase) simultaneously. As 
shown in Table IV, small but significant amounts of AA were produced when the yeast was 
supplied with the 18C dienoic fatty acid LA. 

GC-Mass Spectroscopy (MS) Analysis 

Peak identification and confirmation were carried out by GC-MS using a Kratos MS80RFA 
using known standards (Sigma). The identity of this 20C PUFA was verified by GCMS, 
indicating that the conversion efficiency from LA was 0.65%. When ALA was used as a 
substrate, 12.5% of the (A 6 -desaturated and elongated) eicosatetraenoic n-3 fatty acid was 
A 5 -desaturated, resulting in a total conversion of 0.3% of the ALA substrate to EPA (the 
identity of EPA was confirmed by GCMS). 
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Expression of C. elegans elongase in plants 

In order to express C. elegans elongase in plants, the following protocol is an example of a 
process which can be used to create the transgenic plants. C. elegans ORF sequence can be 
subcloned into a plant expression vector pJD330, which comprises a viral 35S promoter, 
and a Nos terminator. The resulting cassette or promoter/coding sequence/terminator can 
then be subcloned into the plant binary transformation vector pBin 19, and the resulting 
plasmid introduced into Agrobacterium tumefaciens. This Agrobacterium strain can then be 
used to transform Arabidopsis by the vacuum-infiltration of inflorescences, and the seeds 
harvested and plated onto selective media containing kanamycin. Since pBin 19 confers 
resistance to this antibotic, only transformed plant material will grow. Resistant lines can 
therefore be identified and self-fertilized to produce homozygous material. Leaf material 
can then be analyzed for expression of C. elegans elongase. 

Fatty acid methyl ester analysis can be carried out as previously described. 
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SEQ ID1 

C40H1.4 

atggagcttgccgagttctggaatgatctcaacaccttcaccatctacggaccgaatcac 
acagatatgaccacaaaatacaaatattcatatcacttcceaggtgaacaggtggcggat 
ccgcagtattggacgattttattccagaaatattggtatcattcgatcacaatatcagtt 
ctttatttcattttaattaaggtgattcaaaagtttatggagaatcgaaaaccattcact 
ttgaaatacccattgattctttggaatggagctcttgcagcattcagtataattgccaca 
ttgcggttctctattgatcctctacgatcactatatgctgaaggattctacaaaactctg 
tgctattcgtgtaatccaactgatgtggctgcattttggagctttgcattcgctctttcc 
aagattgttgaacttggagacactatgttcattattttgagaaaacggccattgatcttt 
ttacactactatcatcatgcagcagtgttaatctacactgtccattctggtgccgagcat 
actgcagctggtcgtttctacatcctaatgaactacttcgcacattctctcatgtatact 
tactacacagtttctgccatgggatacagattaccgaaatgggtatcaatgactgtcaca 
actgttcaaacaactcaaatgttagctggagtcggaataacttggatggtgtacaaagtg 
aaaactgaatacaagcttccttgtcaacaatccgtagccaatttgtatctcgcattcgtc 
atctatgtcacatttgccattcttttcattcaattcttcgtcaaggcatacattatcaag 
tcgtcgaagaagtcgaaatcggtgaagaacgaataa 



SEQ ID2 

D2024 . 3 

atggcaaaatacgactacaatccgaagtatgggttagaaaattacagcatattccttccc 
tttgagacatcttttgatgcatttcgatcgacaacatggatgcaaaatcactggtatcaa 
tcaattacagcatctgtcgtgtatgtagccgtcatttttacaggaaagaaggtggttctc 
atctacaaaaaatcacgagttattacttttgagtctagccttcagaatgcaattaagaat 
cgaaaccgaaaatcacttaatagttctcaaatgtttcagattatggaaaagtacaagccc 
ttccaactggacacaccactcttcgtctggaat teat ttttagccattttctcaatt etc 
gggttcctccgaatgacacctgaatttgtatggagttggtcagcagaaggaaactcattc 
aaatattcaatttgtcattcatcttatgctcaaggagtcactggtttctggactgaacaa 
ttcgcaatgagcaaacttttcgagctcatcgacacaatcttcatcgttcttcgtaaacgt 
ccactcatcttccttcactggtatcatcatgtaactgttatgatctacacatggcacgcg 
tacaaggatcacactgcatcaggacggtggttcatttggatgaattatggagttcatgct 
cttatgtattcctactatgctcttcgttctctgaaattccgtcttccaaaacaaatggca 
atggttgttactactctccaacttgctcaaatggttatgggagtaatcatcggagtcact 
gtctaccgtatcaagtcatcgggtgaatactgccaacagacatgggacaatttgggatta 
tgctttggagtttatttcacatatttccttcttttcgccaacttcttctaccatgcatat 
gttaagaaaaacaaccgtacagtaaattatgaaaataattcaaaaaatttccccgatctc 
gttttaatttacctgagaaaaaaggtttcaagaaaatcgaaaaatcggcaatgttcagaa 
aataattataaaattcaattttcatcaaattttgttaatgttgatggaaaaaaacataag 
aaaacatatgaacttattcttccaagaagaaaaatgaccacaattttaacttttctattt 
ggaaaaaatcgaattttttcgaaatatcagaaaaatcgaaaaaacatttcgattcctgtt 
gatttcgaaattctggagccaaaagaagatatcaatgctaacatcgctgagccatccatc 
acaacgaggtccgccgccgcacgaagaaaagttcaaaaagctgattag 
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F11E6 . 5 



atggcagcagcacaaacaagtccagcagccacgctcgtcgatgttttgacaaaaccatgg 
agtctggatcagactgattcttacatgtctacatttgtaccattatcctataaaatcatg 
att g9 ttatctc g tca ccatctacttcgggcaaaaattaatggctcacagaaaaccattc 
gatctccaaaatacacttgctctctggaacttcgggttttcactgttctcgggaatcgcc 
gcctataagcttattccagaactattcggagttttcatgaaggacgggtttgtcgcttcc 
tactgtcaaaacgagaactactacaccgatgcatcaactggattctggggctgggccttt 
gtgatgtcgaaagctccagaactaggggatactatgttcttggtccttcgtaaaaaacca 
gttatcttcatgcactggtatcatcatgccctcacatttgtctacgcagtagtcacatac 
tctgagcatcaggcatgggctcgttggtctttggctctcaaccttgccgtccacactgtt 
atgtatttctacttcgccgttcgcgccttgaacatccaaactccacgcccagtggcaaag 
ttcatcactactattcaaattgtccaatttgtcatctcatgctacatttttgggcatttg 
gtattcattaagtctgctgattctgttcctggttgcgctgttagctggaatgtgctatcg 
atcggaggactcatgtacatcagttatttgttcctttttgccaagttcttctacaaggcc 
tacattcaaaaacgctcaccaaccaaaaccagcaagcaggagtag 



SEQ ID4 

F41H10 . 7 



atgtcatcggacgatcgtggcactagaaccttcaagatgatggatcaaattcttggaaca 
aacttcacttatgaaggtgccaaagaagttgctcgaggccttgaaggtttctcagcaaag 
cttgccgtcggatatattgccactatttttggactgaaatattatatgaaagaccgaaaa 
gccttcgatctcagtactccattaaacatttggaatggtattctttcgacattcagctta 
ttgggattcttattcacttttcctactttgttatcagttatcagaaaggatggatttagt 
cacacctattcccatgtctctgagctttacactgacagtacctctggatattggatcttc 
ctttgggttatctcaaagattccggaacttttggatacagtattcattgttcttcgcaag 
agaccacttattttcatgcactggtaccatcacgcattgaccggttactatgctcttgtc 
tgctaccatgaggatgctgtccatatggtttgggttgtatggatgaattatattattcat 
gcattcatgtatggatactatcttctgaaatctctgaaagttccaattccaccatcagtt 
gctcaagcaatcaccacatctcaaatggttcaattcgcagttgccattttcgcacaagtt 
catgtttcctataaacactatgttgagggagttgaaggattagcctactcgttcagagga 
acagctatcggatttttcatgcttactacctacttctatctatggattcaattctacaaa 
gagcactatcttaagaatggaggcaaaaagtacaatttggcaaaggatcaggcaaaaact 
caaacaaagaaggctaactaa 



SEQ IDS 



F41H10.8 (ce477) 



atgccacagg 
cagtcatgag 
tctggatctc 
atgacaaacc 

tgcgggtctt 

gacttctcca 
atcggagact 



gagaagtctc 
ctctcaaaaa 
aatggcatat 
gaaaaccatt 
gctattttct 
cgagttcttc 
tttataatgg 



attctttgag 
agcatattgc 
gttgtcgtta 
tgatctcacg 
caactctcgg 
agccgtggat 
actttctgga 



gtgctgacaa 
acagactcag 
tttttgggct 
ggaccactga 
atcacttgcc 
ttttcgaatc 
atgttcacat 



ctgctccatt 
tatgctgctt 
caaggctgtc 
atctctggaa 
actacatttg 
ttacattcac 
ggcttttcgt 
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tctctcaaaa 
aaaagccatt 
tatgctttta 
atggatgaat 
gttcttttgg 
atgcaaattc 
atatttggca 
ggttctgcct 
tactatcaat 
gaagactgaa 



gttgctgaat 
gatgttcctt 
tgtcatttga 
ttctcagttc 
tgtcaaggtt 
ttcaattcgt 
gttactggac 
tctcatggaa 
catacatcaa 
aagaaaattg 
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tcggagatac 
cattggtatc 
agctaatttg 
actcaattat 
ccagcatgga 
tattactcat 
aatctgttga 
atctcttatg 
gggaggtggc 
aataa 



actttttatt 

atcatgtgct 

ggatttaata 

gtatggatat 

ttgccaagaa. 

ttcattcttt 

ctcaactcca 

tcgttctgtt 

aagaagttta 



attcttcgta 
tacaatgaat 
cttggattac 
tatatgcttc 
tattacaaca 
tccacgttgg 
ggatattatt 
cggaaacttc 
atgcagagaa 



SEQ ID6 

F56H11 .3 

atgtatttgaattatttcgcgacggaaatcttccatcgtagtgcggtttgtgaaacagaa 

gcttgtcgctcgtcaaaaataatgattgctgacgtgttcaaatggaaattcgatgcaaac 

gaattgtggagtcttttaacgaatcaggatgaagttttcccgcatattagagcacggcga 

ttcattcaagaacattttggtctattcgtccagatggcaattgcatatgtcattttggtg 

ttctcaatcaaaaggttcatgagggatcgtgaaccatttcaactcaccacagctcttcgt 

ctctggaacttcttcctctccgtcttctcaatttatggttcctggacaatgtttccattt 

atggttcaacaaataagactttatggtctctacggatgtggatgcgaagcactttcaaac 

cttccgagtcaagcagaatattggcttttcctgacgatcttgtccaaagctgtggagttt 

gttgatacatttttcttggttctccggaaaaaaccactcatcttcctacactggtatcat 

catatggcaacatttgtcttcttctgcagtaattacccgactccatcgtcacaatcacgc 

gtcggagttatcgtcaacctgttcgtgcatgccttcatgtacccatactatttcacccga 

tcaatgaacatcaaagttcctgcgaaaatttcaatggctgttacagttcttcaattgact 

caattcatgtgctttatctatggatgtactctcatgtactactcgttggccactaatcag 

gcacgatacccctcaaatacacctgcgacactccaatgtttgtcctacactctacatttg 
ctttga 



SEQ ID7 

F56H11.4 (Ce 166) 

atg gctcagcatc cgctcgttca acggcttctc gatgtcaaat tcgacacgaa 
acgatttgtg gctattgcta ctcatgggcc aaagaatttc cctgacgcaga 
aggtcgcaa gttctttgct gatcactttg atgttactat tcaggcttcaa 
tcctgtacat 

ggtcgttgtg ttcggaacaa aatggttcat gcgtaatcgt caaccattcc 
aattgactat tccactcaac atctggaatttcatcctcgc cgcattttcc 

atcgcaggag ctgtcaaaat gaccccagag ttctttggaa ccattgccaa 
caaaggaatt gtcgatcctactgc aaagtgtttg atttcacgaa aggagagaat 
ggatactgggt gtggctctt catggcttcc aaacttttcg aacttgttga 

caccatcttc ttggttctccgtaaacgtcc actcatgttc cttcactggt 

atcaccatat tctcaccatg atctacgcctggtactctca tccattgacc 

ccaggattca acagatacgg aatttatctt aactttgtcg 

tccacgcctt catgtactct tactacttcc ttcgctcgat gaagattcgc gtgc 
caggattcatcgccca agctatcaca tctcttcaaa tcgttcaatt catcatctc 
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t tgcgccgttcttgctcatct tggttatctc atgcacttca ccaat 
gccaactgt gatttcgagc catcagtatt caagctcgca 
gttttcatgg. acacaacata cttggctctt ttcgtcaact tcttcctcca 
atcatatgtt 

ctccgcggag. gaaaagacaa gtacaaggca gtgccaaaga agaagaacaa ctaa 



SEQ ID8 

Y53F4B.C 

atgtcggccg 
gaccatcatc 
catgtcggtg 
agagatatat 
ttttttggca 
tctacgatgc 
gtaaatccac 
gaaaatcgcc 
cggttatatt 
tggcatgctg 
gaactatttg 
tcggctatcg 
actcttcaaa 
gaagcttaat 
gcttcggaat 
aatgcatatt 



aagtgtccga 
tattccccat 
tacttatcag 
ggagtcacgg 
gtgttcagta 
tgttttcaga 
gttcaccgtc 
gagtttgggg 
ccttcactgg 
caatcgaact 
gtgcattcaa 
tcttcccaaa 
tgctcattgg 
ggagagatgt 
ctacgcctca 
tggtaaaaaa 



acgattcaaa 
tcgagtacga 
ctgcttatat 
aaacctaaaa 
ttatgggtac 
agaggcttca 
cgcattctgg 
acacgatgtt 
tatcatcacg 
cacagctcca 
taatgtatac 
atcgtttcaa 
tgtcagcatt 
gccaacaatc 
ttcctggtgc 
ggacaagaaa 



gtttggacag 
ttccacgttg 
tattgcgaca 
cttttactag 
atggagattt 
tcgattcgat 
gcatgcatgt 
cttggtgctg 
ctgttgttct 
ggacgctggt 
atactacgca 
tgactgttac 
tcttgcattg 
ctacgacaat 
tattctccag 
cccgatgtga 



gaaacaatga 
ctcatcgagt 
aatttattac 
catggaacgg 
ggaatcgaat 
ctgcctggct 
tcgctctatc 
aggaaacggc 
gatcctttct 
ttatttttat 
ataacatcaa 
attccttcaa 
tgctttattt 
ctggcgttga 
tttcttcaac 
agaaggatta 



SEQ ID9 
A 

1 ME LAE F WNDL NTFTIYGPNH TDMTTKYKYS YHFPGEQVAD PQYWTILFQK 
51 YWYHSITISV LYFILIKVIQ KFMENRKP FT LKYPLILWNG ALAAFSIIAT 
101 LRFSIDPLRS LYAEGFYKTL CYSCNPTDVA AFWS FAFALS KIVELGDTMF 
151 I ILRKRPLIF LHYYHHAAVL I YTVHS GAEH TAAGR FY I LM NYFAHSLMYT 

2 01 YYTVSAMGYR LPKWVSMTVT TVQTTQMLAG VGITWMVYKV KTEYKLPCQQ 
251 SVANLYLAFV IYVTFAILFI QFFVKAYIIK SSKKSKSVKN E* 



SEQ ID10 
B 

1 MAKYDYNPKY GLENYSIFLP FETSFDAFRS TTWMQNHWYQ SITASWYVA 
51 VI FTGKKWL I YKKSRVITF ESSLQNAIKN RNRKSLNSSQ MFQIMEKYKP 
101 FQLDTPLFVW NSFLAIFSIL GFLRMTPEFV WSWSAEGNSF KYSICHSSYA 
151 QGVTGFWTEQ FAMSKLFELI DTIFIVLRKR PL I FLHWYHH VTVMI YTWHA 

2 01 YKDHTAS GRW FIWMNYGVHA LMYSYYALRS LKFRLPKQMA MWTTLQLAQ 
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251 MVMGVIIGVT VYRIKSSGEY CQQTWDNLGL CFGVYFTYFL LFANFFYHAY 
3 01 VKKNNRTVNY ENNS KNFPDL VLI YLRKKVS RKSKNRQCSE NNYKIQFSSN 

3 51 FVNVDGKKHK KTYELILPRR KMTTILTFLF GKNRIFSKYQ KNRKNISIPV 

4 01 DFEILEPKED INANIAEPSI TTRSAAARRK V QKAD* 



SEQ ID11 

C 

1 MAAAQTSPAA TLVDVLTKPW SLDQTDSYMS TFVPLSYKIM IGYLVTIYFG 
51 QKLMAHRKPF DLQNTLALWN FGFSLFSGIA AYKLIPELFG VFMKDGFVAS 
101 YCQNENYYTD ASTGFWGWAF VMSKAPELGD TMFLVLRKKP V I FMHWYHHA 
151 LTFVYAWTY SEHQAWARWS LALNLAVHTV MY FY F A VRAL NIQTPRPVAK 

2 01 FITTIQIVQF VISCYIFGHL VFIKSADSVP GCAVSWNVLS IGGLMYISYL 
2 51 FLFAKFFYKA YIQKRSPTKT SKOE* 



SEQ ID12 
D 



1 MSSDDRGTRT FKMMDQILGT NFTYEGAKEV ARGLEGFSAK LAVGYIATIF 
51 GLKYYMKDRK AFDLSTPLNI WNGILSTFSL LGFLFTFPTL LSVIRKDGFS 
101 HTYSHVSELY TDSTSGYWIF LWVISKIPEL LDTVFIVLRK RPLIFMHWYH 
151 HALTGYYALV CYHEDAVHMV WWWMNYIIH AFMYGYYLLK SLKVPIPPSV 

2 01 AQAITTSQMV QFAVAIFAQV HVSYKHYVEG VEGLAYSFRG TAIGFFMLTT 
251 YFYLWIQFYK EHYLKNGGKK YNLAKDQAKT Q TKKAN* 



SEQ ID13 



E 



MPQGEVSFFE 
MTNRKPFDLT 
IGDFYNGLSG 
YAFMS FEANL 
MQILQFVITH 
YYQSYIKGGG 



VLTTAPFSHE 
GPLNLWNAGL 
MFTWLFVLSK 
GFNTWITWMN 
FILFHVGYLA 
KKFNAE KKTE 



LSKKHIAQTQ 
AIFSTLGSLA 
VAEFGDTLFI 
FSVHSIMYGY 
VTGQSVDSTP 
KKIE* 



YAAFWISMAY 
TTFGLLHEFF 
ILRKKPLMFL 
YMLRSFGVKV 
GYYWFCLLME 



VWIFGLKAV 
SRGFFESYIH 
HWYHHVLTMN 
PAWIAKNITT 
ISYWLFGNF 



SEQ ID14 
F 

1 MYLNYFATEI FHRSAVCETE ACRSSKIMIA DVFKWKFDAN ELWSLLTNQD 

51 EVFPHIRARR FIQEHFGLFV QMAIAYVILV FSIKRFMRDR EPFQLTTALR 
101 LWNFFLSVFS IYGSWTMFPF MVQQIRLYGL YGCGCEALSN LPSQAEYWLF 
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151 LTILSKAVEF VDTFFLVLRK KPLIFLHWYH HMATFVFFCS NYPTPSSQSR 
201 VGVIVNLFVH AFMYPYYFTR SMNIKVPAKI SMAVTVLQLT QFMCFIYGCT 
251 LMYYS LATNQ ARYPSNTPAT LQCLSYTLHL L* 

SEQ ID15 

G 



MAQHPLVQRL 
S I LYMVWFG 
GTIANKGIVA 
LMFLHWYHHI 
KIRVPGFIAQ 
AVFMDTTYLA 



LDVKFDTKRF 
TKWFMRNRQP 
SYCKVFDFTK 
LTMIYAWYSH 
AITSLQIVQF 
LFVNFFLQSY 



VAIATHGPKN 
FQLTIPLNIW 
GENGYWVWLF 
PLTPGFNRYG 
IISCAVLAHL 
VLRGGKDKYK 



FPDAEGRKFF 
NFILAAFSIA 
MASKLFELVD 
IYLNFWHAF 
GYLMHFTNAN 
AVPKKKNN* 



ADHFDVTIQA 
GAVKMTPEFF 
TTFLVLRKRP 
MYSYYFLRSM 
CDFEPSVFKL 



SEQ ID16 



H 



MSAEVSERFKVWTGNNETIIYSPFEYDSTLLIESCRCTYQLLILLRQI 

YYRDI WSHGNLKACDXLLLAWNGFLAVFS IMGTWRFGI EFYDAVFRXG 

FIXSICLAVNPRSPSAFWACMFALSKIAEFGDTMFLVLRK^PVIFLHWYHH 

AWLILSWHAAIELTAPGRWFIFMNYLVHSIMYTYYAITSIGYRXPKIVSMT 

VTFLQTLQMLIGVSISCIVLYLKLNGEMCQQSYDNLALSFGIYASFLVLSSFF 
NNAYLVKKDKKPDVKKD* 
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Claims 

1 . An isolated polypeptide comprising a functional long chain polyunsaturated fatty acid 
(PUF A) elongase as herein defined. 

2. A polypeptide according to claim 1 wherein the polypeptide is from a eukaryote. 

3. A polypeptide according to claim 1 or claim 2 wherein the polypeptide has at least a 
portion of the amino acid sequence shown in SEQ ID 15, or variants thereof. 

4. A polypeptide having at least 60% homology to a polypeptide according to claim 3 and 
having a PUFA elongase function. 

5. A polypeptide according to claim 4 having at least 80% homology. 

6. A polypeptide according to claim 5 having at least 90% homology. 

7. A polypeptide according to any preceding claim wherein the polypeptide sequence 
includes a sequence motif responsible for Endoplasmic Reticulum (ER) - retention. 

8. A polypeptide according to any preceding claim wherein the polypeptide is capable of 
elongating palmitoleic acid (PA; 16:1 A 9 ) to vacceric acid (VA; 18:lA n ). 

9. A polypeptide according to any preceding claim wherein the polypeptide is from an 
animal. 

10. A polypeptide according to claim 9 wherein the animal is an invertebrate. 

1 1 . A polypeptide according to claim 10 wherein the invertebrate is a worm. 

12. A polypeptide according to claim 1 1 wherein the worm is C. elegans. 
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13. A polypeptide according to claim 9 wherein the animal is a vertebrate. 

14. A polypeptide according to claim 13 wherein the vertebrate is a mammal. 

15. A polypeptide according to claim 14 wherein the mammal is a human, rat or mouse. 

16. A DNA sequence encoding a polypeptide according to any preceding claim. 

17. A DNA sequence according to claim 16 wherein the DNA comprises the sequence 
shown in SEQ ID 7 or variants of that sequence due to base substitutions, deletions 
and/or additions. 

18. An engineered organism engineered to express a polypeptide according to any one of 
claims 1 to 15. 

19. An engineered organism according to claim 18 wherein the animal is a mammal. 

20. An engineered organism according to claim 19 wherein the mammal is a rat, mouse or 
monkey. 

21. An engineered organism containing a synthetic pathway for the production of a 
polypeptide according to any one of claims 1 to 15. 

22. An engineered organism according to claim 21 wherein the pathway includes A 5 -fatty 
acid desaturase. 

23. An engineered organism according to claim 21 or 22 wherein the pathway includes 
A 6 -fatty acid desaturase. 

24. An engineered organism according to any one of claims 21 to 23 wherein the animal is 
a lower eukaryote. 
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25. An engineered organism according to claim 24 wherein the lower eukaryote is a yeast. 



26. An engineered organism according to claim 18 wherein the animal is a fish. 

27. A transgenic plant engineered to express a polypeptide according to any one of claims 1 
to 15. 

28. A transgenic plant containing a DNA sequence according to claim 16 or 17. 

29. A method of producing a PUFA comprising carrying out an elongase reaction catalysed 
by a polypeptide according to any one of claims 1 to 15. 

30. A method according to claim 29 wherein the PUFA is di-homo-gamma-linoleic acid 
(20:3A 8>I, ' 14 ) 3 arachidonic acid (20:4A SA,IJ4 ), eicosapentanoic acid (20:5A 5 * 8n * 14!7 ) 5 
docosatrienoic acid (22:3A 3,16,19 ), docosatetraenoic acid (22:4A 7,10,13,16 ), docosapentaenoic 
acid (22:5A 710131619 ) or docosahexaenoic acid (22:6A 4 ' 710J3 ' ,6J9 ). 

3 1 . A method according to claim 29 wherein the PUFA is a 24 carbon fatty acid with at least 
4 double bonds. 

32. A PUFA produced by a method according to any one of claims 29 to 3 1 . 

33. A foodstuff comprising a PUFA according to claim 32. 

34. A dietary supplement comprising a PUFA according to claim 32. 

35. A pharmaceutical composition comprising a polypeptide according to any one of claims 
1 to 15. 

36. A pharmaceutical composition comprising a PUFA according to claim 32. 
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37. A pharmaceutical composition according to claim 35 or claim 36 wherein the 
composition comprises a pharmaceutically- acceptable diluent, carrier, excipient or 
extender. 

38. A method of elevating the PUFA levels of an animal or a plant by supplying to the 
animal or plant a polypeptide according to any of claims 1 to 15, a DNA sequence 
according to claim 16 or claim 17, a foodstuff according to claim 33, a dietary 
supplement according to claim 34, a pharmaceutical composition according to any of 
claims 35 to 37 or a PUFA according to claim 32. 

39. A method of treatment according to claim 38 wherein the animal is a mammal. 

40. A method of treatment according to claim 39 wherein the mammal is a human. 
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